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(57) ABSTRACT

Provided are an organic electroluminescence device that not
only provides high efficiency but also has a long lifetime, and
an aromatic amine derivative that realizes the device. The
organic electroluminescence device includes an aromatic
amine derivative, including at least one substituent A having
dibenzofuran and at least one substituent B selected from
groups each having dibenzofuran or carbazole, in a molecule
thereof, in which the substituent A and the substituent B
include groups different from each other, and the substituent
A and the substituent B are bonded to the same nitrogen atom,
or different nitrogen atoms, in the molecule. The molecules of
the aromatic amine derivative hardly crystallize, which
improves a yield in the production of the organic electrolu-
minescence device. In the organic electroluminescence
device, including an organic thin film layer formed of one or
more layers including at least a light emitting layer, the
organic thin film layer being interposed between a cathode
and an anode, the aromatic amine derivative is contained in at
least one layer, particularly a hole transport layer, in the
organic thin film layer.



US 2011/0278551 Al

AROMATIC AMINE DERIVATIVE, AND
ORGANIC ELECTROLUMINESCENT
ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to an aromatic amine
derivative and an organic electroluminescence (organic EL)
device using the same, and more particularly, to an aromatic
amine derivative capable of providing high efficiency even at
high temperatures and increasing a lifetime of the organic EL.
device by using an aromatic amine derivative having a spe-
cific structure as a hole transporting material.

BACKGROUND ART

[0002] An organic EL device is a spontaneous light emit-
ting device which utilizes such a principle that a fluorescent
substance emits light by virtue of recombination energy of
holes injected from an anode and electrons injected from a
cathode by an application of an electric field. Since an organic
EL device of the laminate type capable of being driven under
low electric voltage has been reported by C. W. Tang et al. of
Eastman Kodak Company (C. W. Tang and S. A. Vanslyke,
Applied Physics Letters, Volume 51, Page 913, 1987, or the
like), many studies have been conducted for an organic EL
device using an organic material as a constituent material.
Tang et al. used tris(8-quinolinolato)aluminum for a light
emitting layer and a triphenyldiamine derivative for a hole
transporting layer. Advantages of the laminate structure
reside in the followings: an efficiency of the hole injection
into the light emitting layer can be increased; an efficiency of
forming excitons which are formed by blocking and recom-
bining electrons injected from the cathode can be increased;
and excitons formed within the light emitting layer can be
enclosed. As described above, for the device structure of the
organic EL. device, a two-layered structure having a hole
transporting (injecting) layer and an electron transporting
light emitting layer and a three-layered structure having a
hole transporting (injecting) layer, a light emitting layer, an
electron transporting (injecting) layer, and the like are widely
known. In order to increase the efficiency of recombination of
injected holes and electrons in such devices of the laminate
type, the device structure and the process of forming the
device have been studied.

[0003] In general, when an organic EL device is driven or
stored in an environment of high temperature, there occur
adverse affects such as a change in luminescent color, a
decrease in emission efficiency, an increase in driving volt-
age, and a decrease in a lifetime of light emission. In order to
prevent the adverse affects, ithas been necessary that the glass
transition temperature (Tg) of the hole transporting material
be elevated. Therefore, it is necessary that many aromatic
groups be held within a molecule of the hole transporting
material (for example, an aromatic diamine derivative of
Patent Literature 1 and an aromatic fused ring diamine deriva-
tive of Patent Literature 2), and in general, a structure having
8 to 12 benzene rings is preferably used.

[0004] However, in the case of a highly symmetrical com-
pound and a compound high in flatness each having a large
number of aromatic groups in a molecule, crystallization is
liable to occur upon production of the organic EL device
through the formation of a thin film by using those hole
transporting materials. As a result, there arises a problem such
as clogging of an outlet of a crucible to be used in vapor
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deposition or a reduction in yields of the organic EL device
due to generation of defects of the thin film resulting from the
crystallization. In addition, a compound having a large num-
ber of aromatic groups in any one of its molecules generally
has a high glass transition temperature (Tg), but has a high
sublimation temperature. Accordingly, there arises a problem
in that the lifetime of'the compound is short probably because
aphenomenon such as decomposition at the time of the vapor
deposition or the formation of a nonuniform deposition film
occurs.

[0005] Meanwhile, Patent Literatures 3 to 5 report amine
compounds each having dibenzofuran. However, those com-
pounds are each of a structure having dibenzofuran in the
central skeleton of a diamine compound. Patent Literatures 6
to 9 report compounds each having dibenzofuran bonded to a
monoamine through an aryl group. However, none of the
compounds provides sufficient performance when used in an
organic EL device.

[0006] In addition, a large number of reports have been
made on amine compounds in each of which N-carbazole is
bonded to an amine through an aryl group. Examples of the
reports include Patent Literatures 10 to 12. However, none of
the compounds provides sufficient performance when used in
an organic EL device.

[0007] Further, Patent Literatures 13 and 14 report amine
compounds in each of which 3-carbazole is directly bonded to
an amine. However, none of the compounds provides suffi-
cient performance when used in an organic EL device. In
addition, Patent Literatures 15 and 16 report amine com-
pounds in each of which 3-carbazole is bonded to an amine
through an aryl group. However, none of the compounds
provides sufficient performance when used in an organic EL,
device.

[0008] As described above, high-efficiency, long-lifetime
organic EL. devices have been reported, but none of them
provides sufficient performance, and hence the development
of'an organic EL device having additionally excellent perfor-
mance has been strongly desired.
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SUMMARY OF INVENTION
Technical Problem
[0025] The present invention has been made to solve the

problems, and an object of the present invention is to provide
an organic electroluminescence device that not only provides
high efficiency even at high temperatures but also has a long
lifetime, and an aromatic amine derivative that realizes the
device.
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Solution to Problem

[0026] The inventors of the present invention have made
extensive studies to achieve the object. As a result, the inven-
tors have found that the use of a novel aromatic amine deriva-
tive having two kinds of specific substituents as a material for
an organic EL device, in particular, a hole injecting material
or a hole transporting material can solve the problems.

[0027] The following facts have been found. The specific
substituents are suitably a group having a dibenzofuran struc-
ture and a group having a dibenzofuran structure or a carba-
zole structure. The molecular symmetry of an amine deriva-
tive having at least one group having a dibenzofuran structure
and at least one group having a dibenzofuran structure and/or
a carbazole structure, the groups being different from each
other, can be reduced. Accordingly, the derivative shows a
small intermolecular interaction, crystallizes to a reduced
extent, and can improve the yield in the production of an
organic EL device. In addition, the above-mentioned amine
derivative improves efficiency because the derivative has so
large an Eg as to be capable of effectively blocking electrons
from a light emitting layer. In addition, the derivative has a
lifetime-lengthening effect because the derivative suppresses
the injection of electrons into a hole transporting layer. In
particular, a combination of the derivative and a blue light
emitting device exerts a significant lifetime-lengthening
effect. The inventors of the present invention have completed
the present invention on the basis of those findings.

[0028] That is, the present invention provides the follow-
ing.

1. An aromatic amine derivative, including at least one sub-
stituent A represented by the following general formula (1)
and at least one substituent B represented by the following
general formula (2) or (3) in a molecule thereof, in which: the
substituent A and the substituent B include groups difterent
from each other; and the substituent A and the substituent B
are bonded to the same nitrogen atom, or different nitrogen
atoms, in the molecule:

[Chem. 1]
M
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Nov. 17,2011

-continued
3
®3),
B
/
N—TIJ

RS

[in the formula

[0029] L' and L? each independently represent a single
bond, or a substituted or unsubstituted arylene group having
6 to 50 ring carbon atoms, and L* represents a substituted or
unsubstituted arylene group having 6 to 50 ring carbon atoms,
provided that a substituent which any one of L' to L> may
have includes a linear or branched alkyl group having 1 to 10
carbon atoms, a cycloalkyl group having 3 to 10 ring carbon
atoms, a trialkylsilyl group having 3 to 10 carbon atoms, a
triarylsilyl group having 18 to 30 ring carbon atoms, an alky-
larylsilyl group having 8 to 15 carbon atoms whose aryl
portion has 6 to 14 ring carbon atoms, an aryl group having 6
to 14 ring carbon atoms, a halogen atom, or a cyano group;

[0030] X represents an oxygen atom or a —N(Ar')—
group;
[0031] Ar' represents a substituted or unsubstituted aryl

group having 6 to 14 ring carbon atoms, and a substituent
which Ar' may have includes a linear or branched alkyl group
having 1 to 10 carbon atoms, a cycloalkyl group having 3 to
10 ring carbon atoms, a trialkylsilyl group having 3 to 10
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, an alkylarylsilyl group having 8 to 15 carbon atoms
whose aryl portion has 6 to 14 ring carbon atoms, an aryl
group having 6 to 14 ring carbon atoms, a halogen atom, or a
cyano group;

[0032] a,c,e,and feachindependently represent an integer
of 0 to 4,
[0033]
to 3; and
[0034] R' to R® each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a halogen atom, or a cyano group, and a plurality of
RY’s to R%s adjacent to each other may be bonded to each
other to form a saturated or unsaturated, divalent group that
forms a ring,

[0035] provided thathydrogen atoms in the aromatic amine
derivative include deuterium atoms].

2. The aromatic amine derivative according to the above-
mentioned item 1, in which when the X in the general formula
(2) represents a —N(Ar')— group, the L? is represented by
the following general formula (4):

b and d each independently represent an integer of O

[Chem. 2] @)

NS
_|/\/) |_/)_

o
(R ®®),
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[in the formula:

[0036] R” and R® each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 16 ring carbon
atoms, a halogen atom, or a cyano group, and a plurality of
R7’s and R®’s adjacent to each other may be bonded to each
other to form a saturated or unsaturated ring; and

[0037]
to 4].
3. The aromatic amine derivative according to the above-
mentioned item 1, in which the substituent B is represented by
the general formula (3).

g and h each independently represent an integer of 0

4. The aromatic amine derivative according to the above-
mentioned item 1, in which when the L? in the general for-
mula (3) is represented by the following general formula (4):

[Chem. 3]
Q)

NS
Y |‘\/)—

R, RSy,

[in the formula:

[0038] R” and R® each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 16 ring carbon
atoms, a halogen atom, or a cyano group, and a plurality of
R”’s and R®’s adjacent to each other may be bonded to each
other to form a saturated or unsaturated ring; and

[0039]
to 4].
5. The aromatic amine derivative according to the above-
mentioned item 1, in which the substituent A is represented by
the following general formula (1) and the substituent B is
represented by the following general formula (2-1) or (3):

g and h each independently represent an integer of 0

[Chem. 4]
M
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-continued
-1
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[in the formula:

[0040] L' and L? each independently represent a single
bond, or a substituted or unsubstituted arylene group having
6 to 50 ring carbon atoms, and L represents a substituted or
unsubstituted arylene group having 6 to 50 ring carbon atoms,
provided that a substituent which any one of L' to L> may
have includes a linear or branched alkyl group having 1 to 10
carbon atoms, a cycloalkyl group having 3 to 10 ring carbon
atoms, a trialkylsilyl group having 3 to 10 carbon atoms, a
triarylsilyl group having 18 to 30 ring carbon atoms, an alky-
larylsilyl group having 8 to 15 carbon atoms whose aryl
portion has 6 to 14 ring carbon atoms, an aryl group having 6
to 14 ring carbon atoms, a halogen atom, or a cyano group;
[0041] Ar' represents a substituted or unsubstituted aryl
group having 6 to 14 ring carbon atoms, and a substituent
which Ar' may have includes a linear or branched alkyl group
having 1 to 10 carbon atoms, a cycloalkyl group having 3 to
10 ring carbon atoms, a trialkylsilyl group having 3 to 10
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, an alkylarylsilyl group having 8 to 15 carbon atoms
whose aryl portion has 6 to 14 ring carbon atoms, an aryl
group having 6 to 14 ring carbon atoms, a halogen atom, or a
cyano group;

[0042]
of 0 to 4,
[0043]
to 3; and
[0044] R® to R each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a halogen atom, or a cyano group, and a plurality of
R"’s to R%s adjacent to each other may be bonded to each
other to form a saturated or unsaturated, divalent group that
forms a ring].

a, ¢, e, and f'each independently represent an integer

b and d each independently represent an integer of O

6. The aromatic amine derivative according to the above-
mentioned item 5, in which the substituent A is represented by
the following general formula (1-1) or (1-2).
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[Chem. 5]
(1-1
(R?),
O / |
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R

7. The aromatic amine derivative according to the above-
mentioned item 1, in which the substituent A and the substitu-
ent B are each independently represented by the following
general formula (1):

[Chem. 6]
M

[in the formula:

[0045] L' represents a single bond, or a substituted or
unsubstituted arylene group having 6 to 50 ring carbon atoms,
and a substituent which L' may have includes a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a halogen atom, or a cyano group;

[0046] a represents an integer of O to 4;
[0047] b represents an integer of 0 to 3; and
[0048] R'and R? each independently represent a linear or

branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 14 ring carbon
atoms, a halogen atom, or a cyano group, and a plurality of
R'’s and R*’s adjacent to each other may be bonded to each
other to form a saturated or unsaturated, divalent group that
forms a ring].
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8. The aromatic amine derivative according to the above-
mentioned item 7, in which the substituent A and the substitu-
ent B are each independently represented by any one of the
following general formulae (1-1) to (1-3).

[Chem. 7]
(R?); -
O F |
/ \ N Ll/
R =
®) (1-2)
a\_

1-3)

9. The aromatic amine derivative according to the above-
mentioned item 8, in which the substituent A is represented by
the general formula (1-1) and the substituent B is represented
by the general formula (1-2).

10. The aromatic amine derivative according to the above-
mentioned item 1, further including at least one terphenyl
group.

11. The aromatic amine derivative according to the above-
mentioned item 1, in which the aromatic amine derivative is
represented by any one of the following general formulae (5)
t0 (9)

[Chem. 8]
A2 ®
\
N—Ar*
/
Ar3
©)
AP Ar
N—IL4—N
Arf Arf
7
Ar9 Arl3 ( )
/
N—LS—N
LS \AIIZ
ArlO—N/
\Ar“
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-continued
8
AI14 AI19 ( )
/
N—I8—N
L7/ \L9
ArS—N N—Ar'®
AI16 Arl7
9
A0 ®
A/
\N
\
LlO AIZS
/
N—L2-N
Lll \AI24
N/
7~
AT,

{in the formulae:

[0049] atleast one of Ar® to Ar®* represents the substituent A
represented by the general formula (1), at least one of Ar® to
Ar* represents the substituent B represented by the general
formula (2) or (3), and the substituent A and the substituent B
include groups different from each other;

[0050] atleast one of Ar’ to Ar® represents the substituent A
represented by the general formula (1), at least one of Ar® to
Ar® represents the substituent B represented by the general
formula (2) or (3), and the substituent A and the substituent B
include groups different from each other;

[0051] atleast one of Ar” to Ar' represents the substituent
A represented by the general formula (1), at least one of Ar®
to Ar'? represents the substituent B represented by the general
formula (2) or (3), and the substituent A and the substituent B
include groups different from each other;

[0052] atleast one of Ar'*to Ar'® represents the substituent
A represented by the general formula (1), at least one of Ar'*
to Ar'® represents the substituent B represented by the general
formula (2) or (3), and the substituent A and the substituent B
include groups different from each other;

[0053] atleast one of Ar*® to Ar*° represents the substituent
A represented by the general, formula (1), at least one of Ar*°
to Ar*° represents the substituent B represented by the general
formula (2) or (3), and the substituent A and the substituent B
include groups different from each other;

[0054] groups out of Ar* to Ar*® except the substituent A
and the substituent B each independently include a substi-
tuted or unsubstituted aryl group having 6 to 50 ring carbon
atoms;

[0055] L*toL'?each independently represent a substituted
or unsubstituted arylene group having 6 to 50 ring carbon
atoms; and

[0056] substituents which Ar® to Ar*> and L* to L'? may
have each independently include a linear or branched alkyl
group having 1 to 10 carbon atoms, a cycloalkyl group having
3 to 10 ring carbon atoms, a trialkylsilyl group having 3 to 10
carbon atoms, a triarylsilyl group having 18 to 30 ring carbon
atoms, an alkylarylsilyl group having 8 to 15 carbon atoms
whose aryl portion has 6 to 14 ring carbon atoms, an aryl
group having 6 to 14 ring carbon atoms, a halogen atom, or a
cyano group.
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12. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative is
represented by the general formula (5).

13. The aromatic amine derivative according to the above-
mentioned item 11, in which the L' to L' each independently
represent a phenylene group, a naphthylene group, a biphe-
nylene group, a terphenylene group, a fluorenylene group, or
a 9,9-dimethylfluorenylene group.

14. The aromatic amine derivative according to the above-
mentioned item 11, in which the L' to L'? are each indepen-
dently represented by any one of the following general for-
mulae (4), (10), and (11):

[Chem. 9]

@)

s>
Y

®R7)g (R®);

(10)

(n

[in the formulae:

[0057] R” to R'* each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a trialkyl-
silyl group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl group
having 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 16 ring carbon
atoms, a halogen atom, or a cyano group, and a plurality of
R”’s to R*!*s adjacent to each other may be bonded to each
other to form a saturated or unsaturated ring;

[0058] R'?andR™?eachindependently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, or a
cycloalkyl group having 3 to 10 ring carbon atoms;

[0059] g, h,andieachindependently represent an integer of
0to 4; and

[0060] jandk each independently represent an integer of O
to 3].

15. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar® is represented by the
general formula (1), and the Ar’ and the Ar* are each inde-
pendently represented by the general formula (3) or (2-1).
16. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar* and the Ar® are each
represented by the general formula (1), and the Ar* is repre-
sented by the general formula (3) or (2-1).
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17. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar* is represented by the
general formula (1), the Ar® is represented by the general
formula (3) or (2-1), and the Ar* represents a substituted or
unsubstituted aryl group having 6 to 50 ring carbon atoms
[provided that substituents of the Ar* each independently
include any one of an aryl group having 6 to 50 ring carbon
atoms, a branched or linear alkyl group having 1 to 50 carbon
atoms, a halogen atom, and a cyano group].

18. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (6) in which the Ar’ and the Ar® are each
represented by the general formula (1), and the Ar’ and the
Ar® are each independently represented by the general for-
mula (3) or (2-1).

19. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (6) in which the Ar’ and the Ar’ are each
represented by the general formula (1), and the Ar® and the
Ar® are each independently represented by the general for-
mula (3) or (2-1).

20. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (7) in which the Ar® is represented by the
general formula (1), and the Ar'* and the Ar'? are each inde-
pendently represented by the general formula (3) or (2-1).

21. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (7) in which the Ar'' and the Ar'? are each
represented by the general formula (1), and the Ar® is repre-
sented by the general formula (3) or (2-1).

22. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (8) in which the Ar'* and the Ar'® are each
represented by the general formula (1), and the Ar'® and the
Ar'” are each independently represented by the general for-
mula (3) or (1).

23. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (8) in which the Ar'S and the Ar'” are each
represented by the general formula (1), and the Ar'** and the
Ar'? are each independently represented by the general for-
mula (3) or (2-1).

24. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (9) in which the Ar*°, the Ar*?, and the Ar**
are each represented by the general formula (1), and the Ar*,
the Ar**, and the Ar?® are each independently represented by
the general formula (3) or (2-1).

25. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar® to Ar* are each repre-
sented by the general formula (1-2).
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26. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar® to Ar* are each repre-
sented by the general formula (1-1).

27. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which two of the Ar* to Ar* are each
represented by the general formula (1-2), and one of the Ar?
to Ar* represents a substituted or unsubstituted aryl group
having 6 to 16 ring carbon atoms.

28. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which two of the Ar® to Ar* are each
represented by the general formula (1-1), and one of the Ar?
to Ar* represents a substituted or unsubstituted aryl group
having 6 to 16 ring carbon atoms.

29. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which at least one of the Ar” to Ar* is
represented by the general formula (1-2), and at least one of
the Ar® to Ar* is represented by the general formula (1-1).
30. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar® is represented by the
general formula (1-2), and the Ar® and the Ar* are each inde-
pendently represented by the general formula (1-1).

31. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar* and the Ar® are each
represented by the general formula (1-2), and the Ar* is rep-
resented by the general formula (1-1).

32. The aromatic amine derivative according to the above-
mentioned item 11, in which at least two of the Ar” to Ar® are
each, at least two of the Ar® to Ar'? are each, at least one of the
Ar'*to Ar'? is, or at least one of the Ar*° to Ar** is represented
by the general formula (1-2) or (1-1).

33. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes any one of an aromatic amine derivative represented
by the general formula (6) in which at least one of the Ar” to
Ar® is represented by the general formula (1-2) and at least
one of the Ar® to Ar® except the at least one represented by the
general formula (1-2) is represented by the general formula
(1-1), an aromatic amine derivative represented by the gen-
eral formula (7) in which at least one of the Ar® to Ar'? is
represented by the general formula (1-2) and at least one of
the Ar’ to Ar'® except the at least one represented by the
general formula (1-2) is represented by the general formula
(1-1), an aromatic amine derivative represented by the gen-
eral formula (8) in which at least one of the Ar'* to Ar*® is
represented by the general formula (1-2) and at least one of
the Ar'* to Ar'® except the at least one represented by the
general formula (1-2) is represented by the general formula
(1-1), and an aromatic amine derivative represented by the
general formula (9) in which at least one of the Ar*° to Ar*® is
represented by the general formula (1-2) and at least one of
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the Ar*® to Ar® except the at least one represented by the
general formula (1-2) is represented by the general formula
(1-D).

34. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar® is represented by the
general formula (1-2) and the Ar® is represented by the gen-
eral formula (1-1).

35. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (5) in which the Ar’ and the Ar” are each
represented by the general formula (1-2) and the Ar® and the
Ar® are each represented by the general formula (1-1).

36. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (6) in which the Ar® is represented by the
general formula (1-2) and the Ar'' and the Ar'? are each
represented by the general formula (1-1).

37. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (6) in which the Ar'® and the Ar'! are each
represented by the general formula (1-2) and the Ar'* and the
Ar'? are each represented by the general formula (1-1).

38. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (8) in which the Ar'# and the Ar'® are each
represented by the general formula (1-2) and the Ar'® and the
Ar'” are each represented by the general formula (1-1).

39. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (8) in which the Ar'S and the Ar'® are each
represented by the general formula (1-2) and the Ar'® and the
Ar'” are each represented by the general formula (1-1).

40. The aromatic amine derivative according to the above-
mentioned item 11, in which the aromatic amine derivative
includes an aromatic amine derivative represented by the
general formula (9) in which the Ar*°, the Ar*?, and the Ar**
are each represented by the general formula (1-2) and the
Ar?', the Ar®, and the Ar*> are each represented by the
general formula (1-1).

41. The aromatic amine derivative according to the above-
mentioned item 11, in which groups out of the Ar* to Ar*®
except the substituent A and the substituent B each indepen-
dently include a phenyl group, a naphthyl group, a biphenyl
group, a terphenyl group, or a fluorenyl group.

42. The aromatic amine derivative according to the above-
mentioned item 1, in which the aromatic amine derivative is
used as a material for an organic electroluminescence device.
43. The aromatic amine derivative according to the above-
mentioned item 1, in which the aromatic amine derivative is
used as a hole transporting material for an organic electrolu-
minescence device.

44. An organic electroluminescence device, including an
organic thin film layer formed of one or more layers including
at least a light emitting layer, the organic thin film layer being
interposed between a cathode and an anode, in which at least
one layer of the organic thin film layer contains the aromatic
amine derivative according to the above-mentioned item 1.
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45. The organic electroluminescence device according to the
above-mentioned item 1, in which: the organic thin film layer
has a hole transporting layer and/or a hole injecting layer; and
the aromatic amine derivative according to the above-men-
tioned item 44 is incorporated into the hole transporting layer
and/or the hole injecting layer.

46. The organic electroluminescence device according to the
above-mentioned item 44, in which: the organic thin film
layer has a hole transporting zone including at least a hole
transporting layer and a hole injecting layer; and the aromatic
amine derivative according to the above-mentioned item 1 is
incorporated into a layer out of direct contact with the light
emitting layer in the hole transporting zone.

47. The organic electroluminescence device according to the
above-mentioned item 44, in which the aromatic amine
derivative according to any one of the above-mentioned items
1 to 41 is incorporated as a main component into the hole
transporting layer and/or the hole injecting layer.

48. The organic electroluminescence device according to the
above-mentioned item 44, in which the light emitting layer
contains a styrylamine compound and/or an arylamine com-
pound.

49. The organic electroluminescence device according to the
above-mentioned item 44, in which a layer in contact with the
anode out of layers for forming the hole injecting layer and/or
the hole transporting layer includes a layer containing an
acceptor material.

50. The organic electroluminescence device according to the
above-mentioned item 44, in which the organic electrolumi-
nescence device emits blue light.

Advantageous Effects of Invention

[0061] The aromatic amine derivative of the present inven-
tion hardly crystallizes, and the use of the derivative as a
material for an organic EL device provides a device that not
only provides high efficiency even at high temperatures but
also has a long lifetime.

DESCRIPTION OF EMBODIMENTS

[0062] The aromatic amine derivative of the present inven-
tion is a compound having at least one substituent A repre-
sented by the general formula (1) and at least one substituent
B represented by the general formula (2) or (3) in any one of
its molecules, in which: the substituent A and the substituent
B are groups different from each other; and the substituent A
and the substituent B are bonded to the same nitrogen atom, or
different nitrogen atoms, in the molecule.

[0063] The “aromatic amine derivative” in the present
invention is preferably an amine compound having a molecu-
lar weight of 300 to 2,000 and having a substituent formed of
an aromatic compound. The molecular weight is more pref-
erably 400 to 1,500, particularly preferably 500 to 1,200.
When the molecular weight is 300 to 2,000, the compound
can be purified by sublimation, and as a result, the purity of
the compound can be improved. The use of the compound
improves the performance of a device to be obtained. In
addition, the case where the molecular weight is 300 to 2,000
is preferred because the device can be produced by a deposi-
tion method.

[0064] The “aromatic amine derivative”, which is not par-
ticularly limited, is represented by preferably any one of the
general formulae (5) to (9), more preferably the general for-
mula (5) or (6), particularly preferably the general formula
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(5). A monoamine derivative represented by the general for-
mula (5) and a diamine derivative represented by the general
formula (6) can be expected to be produced at low costs
because the derivatives can each be synthesized with relative
ease. In addition, the monoamine derivative and the diamine
derivative each have a large ionization potential (which may
hereinafter be abbreviated as “IP”). Accordingly, when any
such derivative is used as a hole transporting material, the
property by which holes are injected into a light emitting layer
is improved, and hence a reduction in the voltage at which the
device is driven can be expected. In particular, an improve-
ment in the luminous efficiency, and the lengthening of the
lifetime, of the device can be expected from the monoamine
derivative because the derivative has so large an energy gap as
to be capable of suppressing the injection of electrons into a
hole transporting layer.

[0065] Inthe general formulae (1) to (3), (1-1) to (1-3), and
(2-1), R* to R® each independently represent a linear or
branched alkyl group having 1 to 10, preferably 1 to 6, carbon
atoms, a cycloalkyl group having 3 to 10, preferably 5 to 7,
ring carbon atoms, a trialkylsilyl group having 3 to 10, pref-
erably 3 to 6, carbon atoms, a triarylsilyl group having 18 to
30, preferably 18 to 24, ring carbon atoms, an alkylarylsilyl
group having 8 to 15, preferably 8 to 12, carbon atoms (its aryl
portion has 6 to 14, preferably 6 to 10, ring carbon atoms), an
aryl group having 6 to 16, preferably 6 to 10, ring carbon
atoms, a halogen atom (a fluorine atom is preferred), or a
cyano group, and a plurality of R'’s to R®’s adjacent to each
other may be bonded to themselves, or R' and R?, R® and R*,
orR® and R® may be bonded to each other, to form a saturated
or unsaturated ring.

[0066] Specific examples of the alkyl group include a
methyl group, an ethyl group, a propyl group, an isopropyl
group, an n-butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, an n-pentyl group, an n-hexyl group, an
n-heptyl group, an n-octyl group, a hydroxymethyl group, a
1-hydroxyethyl group, a 2-hydroxyethyl group, a 2-hydroxy-
isobutyl group, a 1,2-dihydroxyethyl group, a 1,3-dihydroxy-
isopropyl group, a 2,3-dihydroxy-t-butyl group, and a 1,2,3-
trihydroxypropyl group. Preferred are a methyl group, an
ethyl group, a propyl group, an isopropyl group, an n-butyl
group, an isobutyl group, a sec-butyl group, and a tert-butyl
group.

[0067] Specific examples of the cycloalkyl group include a
cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cyclopentylmethyl group, a cyclohexyl-
methyl group, a cyclohexylethyl group, a 4-fluorocyclohexyl
group, a 1-adamantyl group, a 2-adamantyl group, a 1-nor-
bornyl group, and a 2-norbornyl group. Preferred are a cyclo-
pentyl group and a cyclohexyl group.

[0068] Specific examples of the trialkylsilyl group include
a trimethylsilyl group, a vinyldimethylsilyl group, a triethyl-
silyl group, a tripropylsilyl group, a propyldimethylsilyl
group, a tributylsilyl group, a t-butyldimethylsilyl group, a
tripentylsilyl group, a triheptylsilyl group, and a trihexylsilyl
group. Preferred are a trimethylsilyl group and a triethylsilyl
group. A silyl group may be substituted with alkyl groups
identical to or different from each other.

[0069] Specific examples of the triarylsilyl group include a
triphenylsilyl group, a trinaphthylsilyl group, and a trianthr-
ylsilyl group. Preferred is a triphenylsilyl group. A silyl group
may be substituted with aryl groups identical to or different
from each other.
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[0070] Specific examples of the alkylarylsilyl group
include a dimethylphenylsilyl group, a diethylphenylsilyl
group, a dipropylphenylsilyl group, a dibutylphenylsilyl
group, a dipentylphenylsilyl group, a diheptylphenylsilyl
group, a dihexylphenylsilyl group, a dimethylnaphthylsilyl
group, a dipropylnaphthylsilyl group, a dibutylnaphthylsilyl
group, a dipentylnaphthylsilyl group, a diheptylnaphthylsilyl
group, a dihexylnaphthylsilyl group, a dimethylanthrylsilyl
group, a diethylanthrylsilyl group, a dipropylanthrylsilyl
group, a dibutylanthrylsilyl group, a dipentylanthrylsilyl
group, a diheptylanthrylsilyl group, a dihexylanthrylsilyl
group, and a diphenylmethyl group. Preferred are a dimeth-
ylphenylsilyl group, a diethylphenylsilyl group, and a diphe-
nylmethyl group.

[0071] Specific examples of the aryl group include a phenyl
group, a 2-methylphenyl group, a 3-methylphenyl group, a
4-methylphenyl group, a 4-ethylphenyl group, a biphenylyl
group, a 4-methylbiphenylyl group, a 4-ethylbiphenylyl
group, a 4-cyclohexylbiphenylyl group, an anthracenyl
group, a naphthacenyl group, a terphenyl group, a triphenylyl
group, a 3,5-dichlorophenylyl group, a naphthyl group, a
5-methylnaphthyl group, a phenanthryl group, a chrysenyl
group, a benzophenanthryl group, a terphenyl group, a ben-
zanthranyl group, a benzochrysenyl group, a pentacenyl
group, a picenyl group, a pentaphenyl group, a pyrenyl group,
a chrysenyl group, a fluorenyl group, an indenyl group, an
acenaphthylenyl group, a fluoranthenyl group, and a peryle-
nyl group. Preferred are a phenyl group, a biphenylyl group,
and a naphthyl group. Specific examples of the halogen atom
include fluorine, chlorine, and bromine.

[0072] Specific examples of the saturated or unsaturated
ring which the plurality of R'’s to R®s are bonded to them-
selves, or R! and R?, R? and R?, or R® and R® are bonded to
each other, to form include the aryl groups and cycloalkyl
groups, and heteroaryl groups to be described later.

[0073] The skeletal structure of the substituent A repre-
sented by the general formula (1) from which L', R*, and R?
are removed, and the skeletal structure of the substituent B
represented by the general formula (2) from which L%, R?, and
R*are removed and in which X represents an oxygen atom are
specifically, for example, the following skeletal structures.

solpel
Potlle
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-continued

[0074] Inthe general formulae (1) to (3), (1-1) to (1-3), and
(2-1):
[0075] a,c,e, and feach independently represent an integer

of' 0to 3, and b and d each independently represent an integer
of 0 to 4; and

[0076] L' and L*> each independently represent a single
bond, or a substituted or unsubstituted arylene group having
6 to 50, preferably 6 to 21, more preferably 6 to 15, ring
carbon atoms, and I? represents a substituted or unsubstituted
arylene group having 6 to 50, preferably 6 to 21, more pref-
erably 6 to 15, ring carbon atoms, provided that a substituent
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which any one of L' to L* may have is a linear or branched
alkyl group having 1 to 10, preferably 1 to 6, carbon atoms, a
cycloalkyl group having 3 to 10, preferably 5 to 7, ring carbon
atoms, a trialkylsilyl group having 3 to 10, preferably 3 to 6,
carbon atoms, a triarylsilyl group having 18 to 30, preferably
18 to 24, ring carbon atoms, an alkylarylsilyl group having 8
to 15, preferably 8 to 12, carbon atoms (its aryl portion has 6
to 14, preferably 6 to 12, ring carbon atoms), an aryl group
having 6 to 16, preferably 6 to 10, ring carbon atoms, a
halogen atom (a fluorine atom is preferred), or a cyano group.
[0077] When thelinking groups L' and L* are single bonds,
and a dibenzofuran structure or a carbazole structure is
directly bonded to a nitrogen atom, the electron density of the
amine compound increases and the IP of the compound can be
reduced. On the other hand, when any such structure is
bonded to a nitrogen atom through the linking group L' or L?
serving as a substituted or unsubstituted arylene group, an
increase in the electron density of the amine compound is
suppressed and the IP can be increased.

[0078] When the aromatic amine derivative is represented
by the general formula (5) to be described later, L' and L?
each preferably represent a substituted or unsubstituted
arylene group.

[0079] That is, the IP of the amine compound can be
adjusted by selecting the linking groups L' and L. When the
IP is set to a value suitable as a hole injecting material or hole
transporting material, the property by which holes are
injected into the light emitting layer is improved, and hence a
reduction in the voltage at which the device is driven can be
expected.

[0080] Specific examples of the arylene group represented
by any one of L! to L? include arylene groups such as a
phenylene group, a biphenylene group, a terphenylene group,
a tetrafluorophenylene group, a dimethylphenylene group, a
naphthylene group, an anthranylene group, a phenanthrylene
group, a pyrenylene group, a naphthacenylene group, a quar-
terphenylene group, a pentacenylene group, a perylenylene
group, a pyrenylene group, a coronylene group, a fluore-
nylene group, an acenaphthofluorenylene group, and a 9,9-
dimethylfluorenylene group.

[0081] Inthe general formulae (1)to (3), (1-1)to (1-3), and
(2-1), an arylene group represented by any one of L' to L is
preferably represented by any one of the following general
formulae (4), (10), and (11).

[0082] Ineach of the general formulae (2) and (2-1) in the
case where X represents a —N(Ar')— group, when an
arylene group represented by L? is represented by the general
formula (4), an increase in the electron density of the amine
compound is suppressed, and as a result, the IP increases.
When the compound is used as a hole transporting material,
the property by which holes are injected into the light emitting
layer is improved, and hence a reduction in the voltage at
which the device is driven can be expected. In particular,
when the aromatic amine derivative of the present invention
has a dibenzofuran structure-containing group and a carba-
zole structure-containing group, specifically, when the
derivative has the substituent A represented by the general
formula (1) and the substituent B represented by the general
formula (2-1) or (3), an arylene group represented by L, or L5
in the substituent B is preferably represented by the general
formula (4).

[0083] Whenthesubstituent B is represented by the general
formula (3), an improvement in the luminous efficiency, and
the lengthening of the lifetime, of the device can be expected
because the aromatic amine derivative has so large an energy
gap as to be capable of suppressing the injection of electrons
into a hole transporting layer. In particular, when the aromatic
amine derivative is an amine having the substituent A having
a dibenzofuran structure and the substituent B having a car-
bazole structure, the substituent B is preferably represented
by the general formula (3).
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[0084] When the aromatic amine derivative of the present
invention has the plurality of substituents A, the plurality of
substituents A are preferably groups different from each
other. In addition, when the aromatic amine derivative of the
present invention has the plurality of substituents B, the plu-
rality of substituents B are preferably groups different from
each other. When the substituents A and/or the substituents B
are groups different from each other, the molecular symmetry
can be further reduced, and hence additional suppression of
the crystallization can be expected.

[0085] In addition, the substituent having a dibenzofuran
structure is preferably represented by the formula (1-1) or
(1-2) out of the formulae (1-1), (1-2), and (1-3) from the
viewpoints of the ease of synthesis and the ease of purifica-
tion.

[Chem. 11]
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[0086] Inthe general formulae (4), (10),and (11),R” toR**

each independently represent a linear or branched alkyl group
having 1 to 10, preferably 1 to 6, carbon atoms, a cycloalkyl
group having 3 to 10, preferably 5 to 7, ring carbon atoms, a
trialkylsilyl group having 3 to 10, preferably 3 to 6, carbon
atoms, a triarylsilyl group having 18 to 30, preferably 18 to
24, ring carbon atoms, an alkylarylsilyl group having 8 to 15,
preferably 8 to 12, carbon atoms (its aryl portion has 6 to 14,
preferably 6 to 10, ring carbon atoms), an aryl group having 6
to 14, preferably 6 to 10, ring carbon atoms, a halogen atom (a
fluorine atom is preferred), or a cyano group, and a plurality
of R”’s to R'"’s adjacent to each other may be bonded to each
other to form a saturated or unsaturated ring.

[0087] Specific examples and preferred examples of the
alkyl group, cycloalkyl group, trialkylsilyl group, triarylsilyl
group, alkylarylsilyl group, aryl group, and halogen atom
each represented by any one of R” to R'! in the general
formulae (4), (10), and (11) are the same as those listed in the
description of the R' to R'®. R” To R'* each preferably rep-
resent a methyl group, an ethyl group, a propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, an
sec-butyl group, or a tert-butyl group.

[0088] In the general formula (11), R** and R'? each inde-
pendently represent a linear or branched alkyl group having 1
to 10, preferably 1 to 6, carbon atoms, or a cycloalkyl group
having 3 to 10, preferably 5 to 7, ring carbon atoms. Specific
examples and preferred examples of the alkyl group and
cycloalkyl group are the same as those listed in the descrip-
tion of the R* to R®.
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[0089] Inthe general formulae (4), (10), and (11), g, h, and
ieach independently represent an integer ot 0 to 4, preferably
an integer of O or 1, and j and k each independently represent
an integer of 0 to 3, preferably an integer of O or 1.

[0090] The substituents of L' to LS in the general formulae
(1) to (3), (1-1) to (1-3), and (2-1) are each a linear or
branched alkyl group having 1 to 10, preferably 1 to 6, carbon
atoms, a cycloalkyl group having 3 to 10, preferably 5 to 7,
ring carbon atoms, a trialkylsilyl group having 3 to 10, pref-
erably 3 to 6, ring carbon atoms, a triarylsilyl group having 18
t0 30, preferably 18 to 24, ring carbon atoms, an alkylarylsilyl
group having 8 to 15, preferably 8 to 12, carbon atoms (its aryl
portion has 6 to 14, preferably 6 to 10, ring carbon atoms), an
aryl group having 6 to 14, preferably 6 to 10, ring carbon
atoms, a halogen atom, or a cyano group.

[0091] Specific examples and preferred examples of the
alkyl group, cycloalkyl group, trialkylsilyl group, triarylsilyl
group, alkylarylsilyl group, aryl group, and halogen atom are
the same as those listed in the description of the R* to R®.
[0092] Preferred specific examples of the general formulae
(8) to (10), include a substituted or unsubstituted phenylene
group, a substituted or unsubstituted biphenylene group, and
a substituted or unsubstituted 9,9-dimethylfluorenylene
group.

[0093] In the general formula (2), Ar’ represents a substi-
tuted or unsubstituted aryl group having 6 to 14, preferably 6
to 10, ring carbon atoms. Specific examples and preferred
examples of the aryl group are the same as those listed in the
description of the R* to R®.

[0094] The substituents of the aryl group are each indepen-
dently a linear or branched alkyl group having 1 to 10, pref-
erably 1to 6, carbon atoms, a cycloalkyl group having 3 to 10,
preferably 5 to 7, ring carbon atoms, a trialkylsilyl group
having 3 to 10, preferably 3 to 6, carbon atoms, a triarylsilyl
group having 18 to 30, preferably 18 to 24, ring carbon atoms,
an alkylarylsilyl group having 8 to 15, preferably 8 to 12,
carbon atoms (its aryl portion has 6 to 14 ring carbon atoms),
an aryl group having 6 to 16, preferably 6 to 10, ring carbon
atoms, a halogen atom (a fluorine atom is preferred), or a
cyano group.

[0095] Specific examples and preferred examples of the
alkyl group, cycloalkyl group, trialkylsilyl group, triarylsilyl
group, alkylarylsilyl group, and aryl group are the same as
those listed in the description of the R* to RS.

[0096] Next, the compounds represented by the general
formulae (5) to (9) are described.

[0097] Inthe general formula (5), at least one of Ar* to Ar*
represents the substituent A represented by the general for-
mula (1), at least one of Ar* to Ar* represents the substituent
B represented by the general formula (2) or (3), and the
substituent A and the substituent B are groups different from
each other.

[0098] In the general formula (6), at least one of Ar’ to Ar®
represents the substituent A represented by the general for-
mula (1), at least one of Ar’ to Ar® represents the substituent
B represented by the general formula (2) or (3), and the
substituent A and the substituent B are groups different from
each other.

[0099] Inthe general formula (7), at least one of Ar” to Ar*>
represents the substituent A represented by the general for-
mula (1), at least one of Ar® to Ar'? represents the substituent
B represented by the general formula (2) or (3), and the
substituent A and the substituent B are groups different from
each other.

[0100] In the general formula (8), at least one of Ar** to
Ar'? represents the substituent A represented by the general
formula (1), at least one of Ar'* to Ar'® represents the sub-
stituent B represented by the general formula (2) or (3), and
the substituent A and the substituent B are groups different
from each other.
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[0101] In the general formula (9), at least one of Ar*° to
Ar® represents the substituent A represented by the general
formula (1), at least one of Ar*° to Ar*> represents the sub-
stituent B represented by the general formula (2) or (3), and
the substituent A and the substituent B are groups different
from each other.

[0102] Inthe general formulae (3) to (7), groups out of Ar?
to Ar* except the substituent A and the substituent B are each
independently a substituted or unsubstituted aryl group hav-
ing 6 to 50, preferably 6 to 21, more preferably 6 to 14, ring
carbon atoms, and specific examples and preferred examples
of'the aryl group are the same as those listed in the description
of the R* to R°®. The aryl group is particularly preferably a
terphenyl group. When the aromatic amine derivative has a
terphenyl group excellent in reduction stability, the reduction
stability of'any one of'its molecules is improved, and a length-
ening effect on the lifetime of an organic EL device to be
obtained is exerted. In particular, a combination of the deriva-
tive and a blue light emitting device exerts a significant life-
time-lengthening effect.

[0103] Specific examples and preferred examples of the
substituents of Ar* to Ar*® are the same as those listed in the
description of the R* to R®.

[0104] In the general formulae (5) to (9), L* to L' each
independently represent a substituted or unsubstituted
arylene group having 6 to 50, preferably 6 to 21, more pref-
erably 6 to 15, ring carbon atoms. Specific examples and
preferred examples of the arylene group represented by any
one of L* to L'? are the same as those listed in L' to L?
described for the general formulae (1) to (3), (1-1) to (1-3),
and (2-1).

[0105] When Ar? to Ar*® in the general formulae (5) to (9)
are each the substituent A or the substituent B, R' toR®, L to
L?, and a to f'in the general formulae (1) to (3), (1-1) to (1-3),
and (2-1) are as described for the aromatic amine derivative
represented by the general formula (1).

[0106] The aromatic amine derivative represented by any
one of the general formulae (5) to (9) is preferably a com-
pound having any such combination as described below.

[0107] (I) The aromatic amine derivative, in which the aro-
matic amine derivative includes an aromatic amine derivative
represented by the general formula (5) in which the Ar® is
represented by the general formula (1), and the Ar’® and the
Ar* are each independently represented by the general for-
mula (3) or (2-1).

[0108] (II) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar?
and the Ar® are each represented by the general formula (1),
and the Ar* is represented by the general formula (3) or (2-1).

[0109] (III) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar? is
represented by the general formula (1), the Ar® is represented
by the general formula (3) or (2-1), and the Ar* represents a
substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms, provided that substituents of the Ar* each inde-
pendently include any one of an aryl group having 6 to 50 ring
carbon atoms, a branched or linear alkyl group having 1 to 50
carbon atoms, a halogen atom, and a cyano group.

[0110] (IV) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (6) in which the Ar®
and the Ar are each represented by the general formula (1),
and the Ar® and the Ar® are each independently represented by
the general formula (3) or (2-1).

Nov. 17,2011

[0111] (V) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (6) in which the Ar®
and the Ar” are each represented by the general formula (1),
and the Ar® and the Ar® are each independently represented by
the general formula (3) or (2-1).

[0112] (VI) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (7) in which the Ar® is
represented by the general formula (1), and the Ar'! and the
Ar'? are each independently represented by the general for-
mula (3) or (2-1).

[0113] (VII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (7) in which the Ar'*
and the Ar'? are each represented by the general formula (1),
and the Ar® is represented by the general formula (3) or (2-1).
[0114] (VIII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (8) in which the Ar'*
and the Ar'® are each represented by the general formula (1),
and the Ar'® and the Ar'” are each independently represented
by the general formula (3) or (1).

[0115] (IX) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (8) in which the Ar'S
and the Ar'” are each represented by the general formula
(1-1), and the Ar'* and the Ar'® are each independently rep-
resented by the general formula (3) or (2-1).

[0116] (X) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (9) in which the Ar*°,
the Ar*?, and the Ar** are each represented by the general
formula (1), and the Ar*', the Ar**, and the Ar* are each
independently represented by the general formula (3) or
@2-D.

[0117] (XI) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar* to
Ar” are each represented by the general formula (1-3).
[0118] (XII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar* to
Ar” are each represented by the general formula (1-1).
[0119] (XIII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which two of the
Ar® to Ar* are each represented by the general formula (1-3),
and one of the Ar* to Ar* represents a substituted or unsub-
stituted aryl group having 6 to 16 ring carbon atoms.

[0120] (XIV) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which two of the
Ar” to Ar* are each represented by the general formula (1-1),
and one of the Ar* to Ar* represents a substituted or unsub-
stituted aryl group having 6 to 16 ring carbon atoms.

[0121] (XV) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which at least
one of the Ar® to Ar” is represented by the general formula
(1-3), and at least one of the Ar® to Ar” is represented by the
general formula (1-1).

[0122] (XVI) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar? is
represented by the general formula (1-3), and the Ar® and the
Ar* are each independently represented by the general for-
mula (1-1).
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[0123] (XVII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar?
and the Ar® are each represented by the general formula (1-3),
and the Ar* is represented by the general formula (1-1).
[0124] (XVIID) The aromatic amine derivative, in which at
least two of the Ar® to Ar® are each, at least two of the A® to
Ar'? are each, at least one of the Ar'* to Ar'® is, or at least one
ofthe Ar*° to Ar* is represented by the general formula (1-3)
or the general formula (1-1).

[0125] (XIX) The aromatic amine derivative, in which the
aromatic amine derivative includes any one of an aromatic
amine derivative represented by the general formula (6) in
which at least one of the Ar’ to Ar® is represented by the
general formula (1-3) and at least one of the Ar® to Ar® except
the at least one represented by the general formula (1-3) is
represented by the general formula (1-1), an aromatic amine
derivative represented by the general formula (7) in which at
least one of the Ar’ to Ar'® is represented b3y the general
formula (1-3) and at least one of the Ar® to Ar'® except the at
least one represented by the general formula (1-3) is repre-
sented by the general formula (1-1), an aromatic amine
derivative represented by the general formula (8) in which at
least one of the Ar'* to Ar'® is represented by the general
formula (1-3) and at least one of the Ar'* to Ar'” except the at
least one represented by the general formula (1-3) is repre-
sented by the general formula (1-1), and an aromatic amine
derivative represented by the general formula (9) in which at
least one of the Ar*° to Ar*’ is represented by the following
general formula (1-3) and at least one of the Ar*° to Ar*
except the at least one represented by the general formula
(1-3) is represented by the following general formula (1-1).
[0126] (XX) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar” is
represented by the general formula (1-3) and the ArS is rep-
resented by the general formula (1-1).

[0127] (XXI) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (5) in which the Ar®

[Chem. 12] AD-1

Q N

g
o
Y
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o
g

and the Ar” are each represented by the general formula (1-3)
and the Ar® and the Ar” are each represented by the general
formula (1-1).

[0128] (XXII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (6) in which the Ar® is
represented by the general formula (1-3) and the Ar'! and the
Ar'? are each represented by the general formula (1-1).
[0129] (XXIII) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (6) in which the Ar'®
and the Ar'® are each represented by the general formula (1-3)
and the Ar'! and the Ar'? are each represented by the general
formula (1-1).

[0130] (XXIV)The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (8) in which the Ar'*
and the Ar'® are each represented by the general formula (1-3)
and the Ar'® and the Ar'” are each represented by the general
formula (1-1).

[0131] (XXV)The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (8) in which the Ar'S
and the Ar'® are each represented by the general formula (1-3)
and the Ar'® and the Ar'” are each represented by the general
formula (1-1).

[0132] (XXVI) The aromatic amine derivative, in which the
aromatic amine derivative includes an aromatic amine deriva-
tive represented by the general formula (9) in which the Ar®,
the Ar*?, and the Ar** are each represented by the general
formula (1-3) and the Ar*', the Ar*®, and the Ar*® are each
represented by the general formula (1-1).

[0133] (XXVII) The aromatic amine derivative, in which
groups out of the Ar* to Ar*® except the substituent A and the
substituent B each independently represent a phenyl group, a
naphthyl group, a biphenyl group, a terphenyl group, or a
fluorenyl group.

[0134] Specific examples of the aromatic amine derivative
represented by any one of the general formulae (5) to (9)
include the following compounds.
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[0135] The aromatic amine derivative of the present inven-
tion hardly crystallizes, and is preferably used as a light
emitting material for an organic EL device, in particular, as a
hole transporting material for an organic EL device. An
organic EL device using the aromatic amine derivative of the
present invention not only provides high efficiency even at
high temperatures but also has a long lifetime.

[0136] Next, a method of producing the aromatic amine
derivative of the present invention is described.

[0137] The method of producing the aromatic amine
derivative of the present invention is not particularly limited,
and is, for example, as described below.

[0138] (Production Method 1)

[0139] The aromatic amine derivative of the present inven-
tion represented by the general formula (5) can be synthe-
sized by, for example, any such reaction as described below.

(a) Synthesis of an Aromatic Amine Derivative in which all of
Ar*to Ar* Each Represent the Substituent A or the Substituent
B

[0140] First, compounds that produce a structure repre-
sented by the general formula (1) [such as dibenzofuran-4-
boronic acid and 4-iodobromobenzene] are caused to react
with each other in the presence of a catalyst [such as tetrakis
(triphenylphosphine)palladium(0)] in a solvent [such as tolu-
ene] and an aqueous solution of an alkaline compound [such
as sodium carbonate] at 50 to 150° C. Thus, a halide is
obtained. Further, the above-mentioned halide and a com-
pound that produces an amino group [such as acetamide] are
caused to react with each other in the presence of catalysts [a
metal halide such as copper iodide and an amine such as
N,N'-dimethylethylenediamine] and an alkaline substance
[such as potassium carbonate] in a solvent [such as xylene] at
5010 250° C. After that, the resultant is subjected to a reaction
in the presence of an alkaline substance [such as potassium
carbonate] and water in a solvent [such as xylene] at 50 to

250° C. Thus, an intermediate X is synthesized. The reactions
are preferably performed under an atmosphere of an inert gas
such as argon.

[0141] Separately, halides that produce a structure repre-
sented by the general formula (3) [such as carbazole and
4-iodobromobenzene] are caused to react with each other in
the presence of catalysts [such as copper iodide (Cul) and an
amine such as trans-1,2-cyclohexanediamine| in a solvent
[such as 1,4-dioxane] and an alkaline compound [such as
tripotassium phosphate] at 50 to 150° C. Thus, an intermedi-
ate Y is synthesized. The reaction is preferably performed
under an atmosphere of an inert gas such as argon.

[0142] Next, the intermediate X and the intermediate Y are
caused to react with each other in the presence of catalysts
[such as t-butoxy sodium and tris(dibenzylideneacetone)di-
palladium(0)] in a solvent [such as dry toluene] at 0 to 150° C.
Thus, the aromatic amine derivative of the present invention
can be synthesized. The reaction is preferably performed
under an atmosphere of an inert gas such as argon.

[0143] After the completion of the reaction, the reaction
product is cooled to room temperature, and then water is
added to filtrate the product. The filtrate is extracted with a
solvent such as toluene, and is then dried with a drying agent
such as anhydrous magnesium sulfate. The dried product is
desolvated under reduced pressure so as to be concentrated.
The resultant coarse product is subjected to column purifica-
tion, and is then recrystallized with a solvent such as toluene.
The crystal is separated by filtration, and is then dried. Thus,
the aromatic amine derivative of the present invention that has
been purified is obtained.

[0144] In order that the general formula (1) and the general
formula (2-1) may be introduced into the aromatic amine
derivative represented by the general formula (5), upon syn-
thesis of the above-mentioned intermediate Y, halides that
produce a structure represented by the general formula (2-1)
[such as 9-phenylcarbazole and iodine] are caused to react
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with each other in the presence of catalysts [such as periodic
acid dihydrate, acetic acid, and sulfuric acid] in a solvent
[such as water] at 50 to 100° C. so that the intermediate Y
capable of introducing the general formula (2-1) may be
synthesized. Next, the intermediate X and the intermediate Y
are caused to reach with each other in the same manner as in
the foregoing. Thus, the aromatic amine derivative of the
present invention into which the general formula (1) and the
general formula (2-1) have been introduced can be synthe-
sized. The reactions are preferably performed under an atmo-
sphere of an inert gas such as argon.

(b) Synthesis of an Aromatic Amine Derivative in which One
of Ar* to Ar* has a Group Except the General Formula (1),
(2-1), 0r (3)

[0145] In order that a substituted or unsubstituted aryl
group having 6 to 50 ring carbon atoms except the general
formula (1), (2-1), or (3) may be introduced into the aromatic
amine derivative represented by the general formula (5), the
introduction has only to be performed as described below.
Upon synthesis of the intermediate X or at the time of the
reaction between the intermediate X and the intermediate Y, a
reacting weight ratio is controlled, and halides of substituted
or unsubstituted aryl groups each having 6 to 50 ring carbon
atoms except the general formula (1) and the general formula
(3) [such as 4-bromo-p-terphenyl] are similarly subjected to
reactions in sequence [for example, after acetamide and 4-(4-
iodophenyl)-dibenzofuran have been caused to react with
each other at 1:1, 1 equivalent of 4-bromo-p-terphenyl is
loaded and caused to react with the reaction product, followed
by the hydrolysis of the resultant, and as a result, the inter-
mediate X into which the general formula (1-1) and the “aryl
group except the general formulae (1-1), (1-2), and (2)” have
been introduced is obtained].

[0146] A halide represented by the general formula (1), a
halide represented by the general formula (3), and a halide of
a substituted or unsubstituted aryl group having 6 to 50 ring
carbon atoms except the general formula (1) and the general
formula (3) can be arbitrarily introduced into the intermediate
X. In addition, one or two aryl groups can be introduced, and
further, an arbitrary combination of aryl groups can be intro-
duced. A target product can be obtained by causing the amine
compound (intermediate X) obtained as a result of the intro-
duction and an arbitrary halide (intermediate Y) to react with
each other. The order in which those halides are subjected to
reactions and the manner in which the halides are combined
can be determined in consideration of, for example, reactivity
and the ease of purification.

[0147] Next, a method of producing the aromatic amine
derivative represented by the general formula (6) is described.
(a) Synthesis of an Aromatic Amine Derivative in which all of
Ar® to Ar® Each have a Group Represented by the General
Formula (1), (2-1), or (3)

[0148] An amine compound including the general formula
(1) and the general formula (3) is synthesized as the interme-
diate X in the same manner as in the foregoing [for example,
after acetamide and 4-(4-iodophenyl)-dibenzofuran have
been caused to react with each other at 1:1, 1 equivalent of
9-(4-bromo-phenyl)carbazole is loaded and caused to react
with the reaction product, followed by the hydrolysis of the
resultant, and as a result, the intermediate X into which the
general formula (1) and the general formula (3) have been
introduced is obtained].
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[0149] A dihalide [such as 4,4'-dibromobiphenyl] serving
as a halide is used as the intermediate Y. The intermediate X
and the intermediate Y are caused to react with each other at
01to 150° C. in the same manner as in the foregoing. Thus, the
aromatic amine derivative in which all of Ar’ to Ar® in the
general formula (6) are each represented by the general for-
mula (1), (2-1), or (3) can be synthesized.

(b) Synthesis of an Aromatic Amine Derivative in which at
Least One of Ar® to Ar® has a Group Except the General
Formula (1), (2-1), or (3)

[0150] An amine compound including the general formula
(1) and the general formula (3) is synthesized as the interme-
diate X in the same manner as in the foregoing [for example,
after acetamide and 4-(4-iodophenyl)-dibenzofuran have
been caused to react with each other at 1:1, 1 equivalent of
9-(4-bromo-phenyl) carbazole is loaded and caused to react
with the reaction product, followed by the hydrolysis of the
resultant, and as a result, the intermediate X into which the
general formula (1) and the general formula (3) have been
introduced is obtained].

[0151] An amino group-containing compound [such as
4-bromophenyl-diphenylamine] serving as a halide is used as
the intermediate Y. The intermediate X and the intermediate’ Y
are caused to react with each other at 0 to 150° C. in the same
manner as in the foregoing. Thus, the aromatic amine deriva-
tive in which at least one of Ar® to Ar® in the general formula
(6) is represented by a group except the general formula (1),
(2-1), or (3) can be synthesized.

[0152] Next, a method of producing the aromatic amine
derivative represented by the general formula (7) is described.

[0153] An amine compound including the general formula
(1) is synthesized as the intermediate X in the same manner as
in the foregoing [for example, after acetamide and 4-(4-io-
dophenyl)-dibenzofuran have been caused to react with each
other at 1:1, the reaction product is hydrolyzed, and as a
result, the intermediate X into which the general formula (1)
has been introduced is obtained]. An amino group-containing
compound serving as a halide is synthesized as the interme-
diate Y [for example, after aniline and carbazole have been
caused to react with each other at 1:1, the reaction product and
4'-iodobromobiphenyl are further caused to react with each
other at 1:1, and as a result, the intermediate Y into which the
general formula (3) has been introduced is obtained]. The
intermediate X and the intermediate’Y are caused to react with
each other at 0 to 150° C. in the same manner as in the
foregoing. Thus, the aromatic amine derivative represented
by the general formula (7) can be synthesized. The number
and kinds of substituents of Ar'! to Ar'> can be changed by
changing a starting material and a reaction intermediate. In
addition, an aromatic amine derivative in which all of Ar** to
Ar'? each have a group represented by the general formula
(1), (2-1), or (3) can be synthesized.

[0154] Next, a method of producing the aromatic amine
derivative represented by the general formula (8) is described.

[0155] An amine compound including the general formula
(1) is synthesized as the intermediate X in the same manner as
in the foregoing [for example, after acetamide and 4-(4-io-
dophenyl)-dibenzofuran have been caused to react with each
other at 1:1, the reaction product and 4,4'-diiodobipheny] are
caused to react with each other at 2:1, followed by the
hydrolysis of the resultant, and as a result, the intermediate X
as a diamine compound into which the general formula (1)
has been introduced is obtained].
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[0156] An amino group-containing compound serving as a
halide is synthesized as the intermediate Y [for example, after
aniline and carbazole have been caused to react with each
other at 1:1, the reaction product and 4'-iodobromobenzene
are further caused to react with each other at 1:1, and as a
result, the intermediate Y into which the general formula (3)
has been introduced is obtained]. The intermediate X and the
intermediateY are caused to react with each other at 0 to 150°
C. in the same manner as in the foregoing. Thus, the aromatic
amine derivative represented by the general formula (8) can
be synthesized. The number and kinds of substituents of Ar'*
to Ar*® can be changed by changing a starting material and a
reaction intermediate. In addition, an aromatic amine deriva-
tive in which all of Ar'* to Ar'® each have a group represented
by the general formula (1), (2-1), or (3) can be synthesized.

[0157] Next, a method of producing the aromatic amine
derivative represented by the general formula (9) is described.

[0158] An amine compound including the general formula
(1) is synthesized as the intermediate X in the same manner as
in the foregoing [for example, after acetamide and 4-(4-io-
dophenyl)-dibenzofuran have been caused to react with each
other at 1:1, 1 equivalent of 9-(4-bromo-phenyl]carbazole is
loaded and caused to react with the reaction product, followed
by the hydrolysis of the resultant, and as a result, the inter-
mediate X into which the general formula (1) and the general
formula (3) have been introduced is obtained].

[0159] An amino group-containing compound serving as a
halide is used as the intermediate Y [such as commercially
available tris(4-bromophenyl)amine]|. The intermediate X
and the intermediate Y are caused to react with each other at
01to 150° C. in the same manner as in the foregoing. Thus, the
aromatic amine derivative represented by the general formula
(9) can be synthesized. The number and kinds of substituents
of Ar*? to Ar*’ can be changed by changing a starting material
and a reaction intermediate. In addition, an aromatic amine
derivative in which all of Ar** to Ar*’ each have a group
represented by the general formula (1), (2-1), or (3) can be
synthesized.

[0160] In addition, individual, similar synthesis methods
described in known technologies (JP 2003-171366 A, WO
2006/114921 A1, WO 2006/073054 A1, WO 2007/125714
Al,and WO 2008/062636 A1) may each be employed for any
such synthesis as described above.

[0161] (Production Method 2)

[0162] The aromatic amine derivative of the present inven-
tion represented by the general formula (5) can be synthe-
sized by, for example, any such reaction as described below.

[0163] First, compounds that produce a structure repre-
sented by the general formula (1-2) [such as dibenzofuran-4-
boronic acid and 4-iodobromobenzene] are caused to react
with each other in the presence of a catalyst [such as tetrakis
(triphenylphosphine)palladium(0)] in a solvent [such as tolu-
ene] and an aqueous solution of an alkaline compound [such
as sodium carbonate] at 50 to 150° C. Thus, a halide is
obtained. Further, the above-mentioned halide and a com-
pound that produces an amino group [such as acetamide] are
caused to react with each other in the presence of catalysts [a
metal halide such as copper iodide and an amine such as
N,N'-dimethylethylenediamine] and an alkaline substance
[such as potassium carbonate] in a solvent [such as xylene] at
5010 250° C. After that, the resultant is subjected to a reaction
in the presence of an alkaline substance [such as potassium
hydroxide] and water in a solvent [such as xylene] at 50 to
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250° C. Thus, an intermediate X is synthesized. The reactions
are preferably performed under an atmosphere of an inert gas
such as argon.

[0164] Separately, halides that produce a structure repre-
sented by the general formula (1-1) [such as dibenzofuran-2-
boronic acid and 4-iodobromobenzene] are caused to react
with each other in the presence of a catalyst [such as tetrakis
(triphenylphosphine)palladium(0)] in a solvent [such as tolu-
ene] and an aqueous solution of an alkaline compound [such
as sodium carbonate] at 50 to 150° C. Thus, an intermediate Y
is synthesized. The reaction is preferably performed under an
atmosphere of an inert gas such as argon.

[0165] Next, the intermediate X and the intermediate Y are
caused to react with each other in the presence of catalysts
[such as t-butoxy sodium and tris(dibenzylideneacetone)di-
palladium(0)] in a solvent [such as dry toluene] at 0 to 150° C.
Thus, the aromatic amine derivative of the present invention
can be synthesized. The reaction is preferably performed
under an atmosphere of an inert gas such as argon.

[0166] After the completion of the reaction, the reaction
product is cooled to room temperature, and then water is
added to filtrate the product. The filtrate is extracted with a
solvent such as toluene, and is then dried with a drying agent
such as anhydrous magnesium sulfate. The dried product is
desolvated under reduced pressure so as to be concentrated.
The resultant coarse product is subjected to column purifica-
tion, and is then recrystallized with a solvent such as toluene.
The crystal is separated by filtration, and is then dried. Thus,
the aromatic amine derivative of the present invention that has
been purified is obtained.

[0167] Described above is a method of producing the aro-
matic amine derivative in which Ar* and Ar® are each repre-
sented by the general formula (1-2), and Ar* is represented by
the general formula (1-1). It should be noted that an aromatic
amine derivative in which Ar? is represented by the general
formula (1-2), and Ar® and Ar* are each represented by the
general formula (1-1) canbe produced by a similar method. In
this case, the derivative can be produced by synthesizing the
intermediate X with the general formula (1-2), synthesizing
the intermediate Y with the general formula (1-1), and caus-
ing the intermediate X and the intermediate Y to react with
each other in the above-mentioned production.

[0168] Inaddition, similar synthesis can be performed even
in the case where all of Ar® to Ar* represented by the general
formula (1-2) and/or the general formula (1-1) are different
from one another. In order that Ar* to Ar* that are different
from one another may be introduced, the introduction has
only to be performed as described below. Upon synthesis of
the intermediate X or at the time of the reaction between the
intermediate X and the intermediate'Y, a reacting weight ratio
is controlled, and a halide are similarly subjected to reactions
in sequence [for example, after acetamide and 4-(4-bro-
mophenyl)-dibenzofuran have been caused to react with each
otherat 1:1, 1 equivalent of 2-(4-bromophenyl)-dibenzofuran
is loaded and caused to react with the reaction product, fol-
lowed by the hydrolysis of the resultant, and as a result, the
intermediate X into which the general formula (1-2) and the
general formula (1-1) have been introduced is obtained].
After that, the intermediate X and the intermediate Y as a
halide different from the substituents that have already been
introduced [such as 4-(4-bromobiphenyl)-dibenzofuran] are
caused to react with each other. Thus, the synthesis can be
achieved.
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[0169] A halide represented by the general formula (1-2)
and a halide represented by the general formula (1-1) can be
arbitrarily introduced into the intermediate X. A target prod-
uct can be obtained by causing the amine compound (inter-
mediate X) obtained as a result of the introduction and an
arbitrary halide (intermediate Y) to react with each other. The
order in which those halides are subjected to reactions and the
manner in which the halides are combined can be determined
in consideration of, for example, reactivity and the ease of
purification.

[0170] Next, a method of producing the aromatic amine
derivative represented by the general formula (6) is described.
[0171] An amine compound including the general formula
(1-2) and the general formula (1-1) is synthesized as the
intermediate X in the same manner as in the foregoing [for
example, after acetamide and 4-(4-bromophenyl)-dibenzofu-
ran have been caused to react with each other at 1:1, 1 equiva-
lent of2-(4-bromophenyl)-dibenzofuran is loaded and caused
to react with the reaction product, followed by the hydrolysis
of'the resultant, and as a result, the intermediate X into which
the general formula (1-2) and the general formula (1-1) have
been introduced is obtained].

[0172] A dihalide [such as 4,4'-dibromobiphenyl] serving
as a halide is used as the intermediate Y. The intermediate X
and the intermediate Y are caused to react with each other at
01to 150° C. in the same manner as in the foregoing. Thus, the
aromatic amine derivative in which all of Ar” to Ar'® in the
general formula (6) are each represented by the general for-
mula (1-2) or (1-1) can be synthesized.

[0173] Alternatively, an amino group-containing com-
pound [such as 4-bromophenyl-diphenylamine] serving as a
halide is used as the intermediate Y, and the intermediate X
and the intermediate Y are caused to react with each other at
01to 150° C. in the same manner as in the foregoing. Thus, the
aromatic amine derivative in which at least one of Ar” to Ar'®
in the general formula (6) is represented by a group except the
general formula (1-2) or (1-1) can be synthesized.

[0174] Next, a method of producing the aromatic amine
derivative represented by the general formula (7) is described.
[0175] An amine compound (such as commercially avail-
able aniline) is used as the intermediate X.

[0176] In addition, a halogen compound containing an
amine compound including the general formula (1-2) and the
general formula (1-1) is synthesized as the intermediate Y in
the same manner as in the foregoing [for example, after aceta-
mide and 4-(4-bromophenyl)-dibenzofuran have been caused
to react with each other at 1:1, 1 equivalent of 2-(4-bromophe-
nyl)-dibenzofuran is loaded and caused to react with the
reaction product, followed by the hydrolysis of the resultant,
and as a result, the amine compound into which the general
formula (1-2) and the general formula (1-1) have been intro-
duced is obtained. Further, the amine compound and 4'-iodo-
bromobiphenyl are caused to react with each other at 1:1, and
as a result, the intermediate Y into which the general formula
(1-2) and the general formula (1-1) have been introduced is
obtained]. The intermediate X and the intermediate Y are
caused to react with each other at 0 to 150° C. in the same
manner as in the foregoing. Thus, the aromatic amine deriva-
tive represented by the general formula (7) can be synthe-
sized. The number and kinds of substituents of Ar’ to Ar' can
be changed by changing a starting material and a reaction
intermediate. In addition, an aromatic amine derivative in
which all of Ar® to Ar'® each have a group represented by the
general formula (1-2) or (1-1) can be synthesized.

[0177] Next, a method of producing the aromatic amine
derivative represented by the general formula (8) is described.
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[0178] An amine compound (such as commercially avail-
able N,N'-diphenylbenzizine) is used as the intermediate X.

[0179] In addition, a halogen compound containing an
amine compound including the general formula (1-2) and the
general formula (1-1) is synthesized as the intermediate Y in
the same manner as in the foregoing [for example, after aceta-
mide and 4-(4-bromophenyl)-dibenzofuran have been caused
to react with each otherat 1:1, 1 equivalent of 2-(4-bromophe-
nyl)-dibenzofuran is loaded and caused to react with the
reaction product, followed by the hydrolysis of the resultant,
and as a result, the amine compound into which the general
formula (1-1-3) and the general formula (1-1-1) have been
introduced is obtained. Further, the amine compound and
4'-jodobromobenzene are caused to react with each other at
1:1, and as a result, the intermediate Y into which the general
formula (1-2) and the general formula (1-1) have been intro-
duced s obtained]. The intermediate X and the intermediate Y
are caused to react with each other at 0 to 150° C. in the same
manner as in the foregoing. Thus, the aromatic amine deriva-
tive represented by the general formula (8) can be synthe-
sized. The number and kinds of substituents of Ar'* to Ar'®
can be changed by changing a starting material and a reaction
intermediate. In addition, an aromatic amine derivative in
which all of Ar** to Ar'® each have a group represented by the
general formula (1-2) or (1-1) can be synthesized.

[0180] Next, a method of producing the aromatic amine
derivative represented by the general formula (9) is described.
[0181] An amine compound including the general formula
(1-2) and the general formula (1-1) is synthesized as the
intermediate X in the same manner as in the foregoing [for
example, after acetamide and 4-(4-bromophenyl)-dibenzofu-
ran have been caused to react with each other at 1:1, 1 equiva-
lent of 2-(4-bromophenyl)-dibenzotfuran is loaded and caused
to react with the reaction product, followed by the hydrolysis
of'the resultant, and as a result, the intermediate X into which
the general formula (1-2) and the general formula (1-1) have
been introduced is obtained].

[0182] An amino group-containing compound serving as a
halide is used as the intermediate Y [such as commercially
available tris(4-bromophenyl)amine]. The intermediate X
and the intermediate Y are caused to react with each other at
01to 150° C. in the same manner as in the foregoing. Thus, the
aromatic amine derivative represented by the general formula
(9) can be synthesized. The number and kinds of substituents
of Ar*° to Ar*® can be changed by changing a starting material
and a reaction intermediate. In addition, an aromatic amine
derivative in which all of Ar*° to Ar*> each have a group
represented by the general formula (1-2) or (1-1) can be
synthesized.

[0183] In addition, individual, similar synthesis methods
described in known technologies (JP 2003-171366 A, WO
2006/114921 A1, WO 2006/073054 A1, WO 2007/125714
Al,and WO 2008/062636 A1) may each be employed for any
such synthesis as described above.

[0184] Hereinafter, the structure of the organic EL device
of the present invention is described.

[0185] Typical examples of the structure of the organic EL.
device of the present invention may include the following
structures:

[0186] (1) anode/light emitting layer/cathode;

[0187] (2) anode/hole injecting layer/light emitting layer/
cathode;

[0188] (3) anode/light emitting layer/electron injecting
layer/cathode;

[0189] (4) anode/hole injecting layer/light emitting layer/

electron injecting layer/cathode;
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[0190] (5) anode/organic semiconductor layer/light emit-
ting layer/cathode;

[0191] (6) anode/organic semiconductor layer/electron
barrier layer/light emitting layer/cathode;

[0192] (7) anode/organic semiconductor layer/light emit-
ting layer/adhesion improving layer/cathode;

[0193] (8) anode/hole injecting layer/hole transporting
layer/light emitting layer/electron injecting layer/cathode;
[0194] (9) anode/insulating layer/light emitting layer/insu-
lating layer/cathode;

[0195] (10) anode/inorganic semiconductor layer/insulat-
ing layer/light emitting layer/insulating layer/cathode;
[0196] (11) anode/organic semiconductor layer/insulating
layer/light emitting layer/insulating layer/cathode;

[0197] (12) anode/insulating layer/hole injecting layer/
hole transporting layer/light emitting layer/insulating layer/
cathode; and

[0198] (13) anode/insulating layer/hole injecting layer/
hole transporting layer/light emitting layer/electron injecting
layer/cathode.

[0199] Ofthose, the structure (8) is preferably used in ordi-
nary cases. However, the structure is not limited to the fore-
going.

[0200] In addition, in the organic EL device of the present
invention, the aromatic amine derivative represented by the
general formula (1) of the present invention, which may be
used in any layer of the above-mentioned organic thin film
layer, is preferably incorporated into a hole injecting layer or
a hole transporting layer. The content of the aromatic amine
derivative represented by the general formula (1) is selected
from 30 to 100 mol %.

[0201] The aromatic amine derivative of the present inven-
tion is preferably used as a material for a hole injecting layer
or hole transporting layer.

[0202] The hole injecting layer and the hole transporting
layer are layers which help injection of holes into the light
emitting layer and transport the holes to the light emitting
region. The layer exhibits a great mobility of holes and, in
general, has an ionization energy as small as 5.5 eV or less.

[0203] For such hole injecting layers and hole transporting
layers, a material which transports holes to the light emitting
layer under an electric field of a smaller strength is preferred.
Further, a material which exhibits, for example, a mobility of
holes of at least 10~* cm?/Vs or more under application of an
electric field of 10* to 10° V/cm is preferred.

[0204] The aromatic amine derivative of the present inven-
tion is preferred as a hole transporting material because the
derivative has small ionization energy and a large hole mobil-
ity. In addition, the aromatic amine derivative of the present
invention is preferred as a hole injecting material because of
the following reasons. The derivative contains a polar group
in any one of its molecules, and hence has good adhesiveness
with the anode and is hardly affected by, for example, a
condition under which the substrate is washed. The organic
EL device using the aromatic amine derivative of the present
invention is expected to have a lengthened lifetime by virtue
of those factors.

[0205] The hole injecting layer or the hole transporting
layer can be obtained by forming a thin film from the aromatic
amine derivative of the present invention in accordance with
a known process such as a vacuum vapor deposition process,
a spin coating process, a casting process, and an LB process.
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The thickness of the hole injecting layer or the hole transport-
ing layer is not particularly limited. In general, the thickness
is 5 nm to 5 pm.

[0206] The hole injecting layer or the hole transporting
layer may be formed ofa single layer containing one or two or
more kinds of the above-mentioned aromatic amine deriva-
tives, or may be a laminate formed of hole injecting layers or
hole transporting layers containing different kinds of com-
pounds as long as the aromatic amine derivative of the present
invention is incorporated in the hole transporting zone.
[0207] Further, an organic semiconductor layer is a layer
for helping the injection of holes and electrons into the light
emitting layer. As the organic semiconductor layer, a layer
having a conductivity of 107*° S/cm or more is preferred. As
the material for the organic semiconductor layer, the follow-
ing can be used: oligomers containing thiophene; conductive
oligomers such as oligomers containing arylamine; conduc-
tive dendrimers such as dendrimers containing arylamine;
and the like.

[0208] The organic EL device is generally prepared on a
substrate having light-transmissive property (light-transmis-
sive substrate). The light-transmissive substrate is the sub-
strate which supports the organic EL device. It is preferred
that the light-transmissive substrate have transmissive prop-
erty which is a transmittance of light of 50% or more in the
visible light region where the wavelength is 400 to 700 nm
and still preferably be flat and smooth.

[0209] Preferred examples of the light-transmissive sub-
strate include glass plates and synthetic resin plates.
Examples of the glass plate include plates formed of soda-
lime glass, glass containing barium and strontium, lead glass,
aluminosilicate glass, borosilicate glass, barium borosilicate
glass, and quartz. Further, examples of the synthetic resin
plate include plates formed of a polycarbonate resin, an
acrylic resin, a polyethylene terephthalate resin, a polyether
sulfide resin, and a polysulfone resin.

[0210] The anode has the function of injecting holes to the
hole transporting layer or the light emitting layer. It is effec-
tive that the anode has a work function of 4.5 eV or more. A
material for the anode used in the present invention is specifi-
cally exemplified by indium tin oxide (ITO), a mixture of
indium oxide and zinc oxide (IZO), a mixture of ITO and
cerium oxide (ITCO), a mixture of IZO and cerium oxide
(IZCO), a mixture of indium oxide and cerium oxide (ICO),
amixture of zinc oxide and aluminum oxide (AZO), tin oxide
(NESA), gold, silver, platinum, and copper.

[0211] The anode may be obtained by forming a thin film
with one of the materials for electrodes by, for example, a
vapor deposition process or a sputtering process.

[0212] Asdescribed above, when the light emitted from the
light emitting layer is obtained through the anode, it is pre-
ferred that the anode have a transmittance of more than 10%
with respect to the emitted light. It is also preferred that the
sheet resistance of the anode be several hundred Q/cm or less.
The thickness of the anode is, in general, selected in the range
of 10 nm to 1 um, preferably in the range of 10 to 200 nm
although the preferred range may be different depending on
the used material.

[0213] As the cathode, a material such as a metal, an alloy,
an electroconductive compound, or a mixture of those mate-
rials, which have a small work function (4 eV or less) and are
used as electrode materials, is used. Specific examples of the
electrode material include sodium, sodium-potassium alloys,
magnesium, lithium, cesium, magnesium-silver alloys, alu-
minum/aluminum oxide, AlI/Li,0, AIVLiO, AVLiF, alumi-
num-lithium alloys, indium, and rare earth metals.
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[0214] The cathode can be obtained by forming a thin film
of the electrode material described above in accordance with
a process such as the vapor deposition process or the sputter-
ing process.

[0215] Here, when the light emitted from the light emitting
layer is obtained through the cathode, it is preferred that the
cathode have a transmittance of more than 10% with respect
to the emitted light. Itis also preferred that the sheet resistivity
of'the cathode be several hundred €/cm or less. The thickness
of'the cathode is generally 10nm to 1 um, preferably 50to 200
nm.

[0216] In general, defects in pixels tend to be formed inor-
ganic ELL devices due to leak and short circuit because an
electric field is applied to ultra-thin films. In order to prevent
the formation of the defects, an insulating layer made of'a thin
film layer having insulating property may be inserted
between the pair of electrodes. Examples of the material used
for the insulating layer include aluminum oxide, lithium fluo-
ride, lithium oxide, cesium fluoride, cesium oxide, magne-
sium oxide, magnesium fluoride, calcium oxide, calcium
fluoride, aluminum nitride, titanium oxide, silicon oxide, ger-
manium oxide, silicon nitride, boron nitride, molybdenum
oxide, ruthenium oxide, and vanadium oxide. Mixtures of
two or more kinds of the compounds and laminates formed of
layers of two or more kinds of the compounds may also be
used as the insulating layer.

[0217] Intheorganic EL device ofthe present invention, the
light emitting layer has the following functions.

[0218] (i) The injecting function: the function of injecting
holes from the anode or the hole injecting layer and injecting
electrons from the cathode or the electron injecting layer
when an electric field is applied.

[0219] (ii) The transporting function: the function of trans-
porting injected charges (i.e., electrons and holes) by the
force of the electric field.

[0220] (iii)) The light emitting function: the function of
providing the field for recombination of electrons and holes
and leading the recombination to the emission of light.
[0221] Examples of the process of forming the light emit-
ting layer include a known process such as a vapor deposition
process, a spin coating process, and an LB process. The light
emitting layer is particularly preferably a molecular deposit
film. The term “molecular deposit film” as used here refers to
a thin film formed by the deposition of a material compound
in a vapor phase state, or a film formed by the solidification of
amaterial compound in a solution state or a liquid phase state.
The molecular deposit film can be typically distinguished
from a thin film formed by the LB process (molecular accu-
mulation film) on the basis of differences between the films in
aggregation structure and higher order structure, and func-
tional differences between the films caused by the foregoing
differences.

[0222] In addition, the light emitting layer can also be
formed by dissolving a binder such as a resin and a material
compound into a solvent to thereby prepare a solution, and
forming a thin film with the solution by the spin coating
process or the like.

[0223] In the present invention, a light emitting material
formed of a pyrene-based derivative and an amine compound,
or any other known metal complex compound may be incor-
porated into the light emitting layer.

[0224] The metal complex compound is preferably a metal
complex compound containing at least one metal selected
from Ir, Ru, Pd, Pt, Os, and Re. The ligands of the complex
preferably have at least one skeleton selected from a phe-
nylpyridine skeleton, a bipyridyl skeleton, and a phenanthro-
line skeleton.
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[0225] Specific examples of such metal complex com-
pound include tris(2-phenylpyridine)iridium, tris(2-phe-
nylpyridine)ruthenium, tris(2-phenylpyridine)palladium, bis
(2-phenylpyridine)platinum, tris(2-phenylpyridine)osmium,
tris(2-phenylpyridine)rhenium, octaethyl platinum porphy-
rin, octapheny! platinum porphyrin, octaethyl palladium por-
phyrin, and octaphenyl palladium porphyrin. However, the
metal complex compound is not limited thereto. An appro-
priate metal complex compound is selected in terms of a
requested luminescent color, a device performance, and a
relationship with a host compound.

[0226] In addition, a phosphorescent dopant or a fluores-
cent dopant may be used in the light emitting layer of the
organic EL device of the present invention.

[0227] The phosphorescent dopant is a compound capable
of emitting light from a triplet exciton. The dopant, which is
not particularly limited as long as light is emitted from a
triplet exciton, is preferably a metal complex containing at
least one metal selected from the group consisting of Ir, Ru,
Pd, Pt, Os, and Re, more preferably a porphyrin metal com-
plex or an orthometalated metal complex. A porphyrin plati-
num complex is preferred as the porphyrin metal complex.
Onekind of phosphorescent dopant may be used alone, or two
or more kinds of phosphorescent dopants may be used in
combination.

[0228] There are various ligands which can be used for
forming an orthometalated metal complex. Preferred
examples of the ligands include 2-phenylpyridine derivatives,
7,8-benzoquinoline derivatives, 2-(2-thienyl)pyridine deriva-
tives, 2-(1-naphthyl)pyridine derivatives, and 2-phenylquino-
line derivatives. Each of those derivatives may have a sub-
stituent as required. A fluorinated compound or the above-
mentioned derivative having a trifluoromethyl group is
particularly preferred as a blue-based dopant. The metal com-
plex may further include a ligand other than the above-men-
tioned ligands such as acetylacetonato or picric acid as an
auxiliary ligand.

[0229] The content of the phosphorescent dopant in the
light emitting layer is not particularly limited, and can be
appropriately selected in accordance with the purpose. The
content is, for example, 0.1 to 70 mass %, more preferably 1
to 30 mass %. When the content of the phosphorescent dopant
is less than 0.1 mass %, the intensity of emitted light is weak,
and an effect of the incorporation of the compound is not
sufficiently exerted. When the content exceeds 70 mass %, a
phenomenon called concentration quenching becomes
remarkable, and device performance reduces. Further, the
light emitting layer may contain a hole transporting material,
an electron transporting material, and a polymer binder as
required.

[0230] Further, the light emitting layer has a thickness of
preferably 5 to 50 nm, more preferably 7 to 50 nm, most
preferably 10 to 50 nm. When the thickness is less than 5 nm,
the light emitting layer becomes difficult to form, and chro-
maticity may become difficult to adjust. When the thickness
exceeds 50 nm, the voltage at which the device is driven may
increase.

[0231] The fluorescent dopant is preferably a compound
selected from, for example, an amine-based compound, an
aromatic compound, a chelate complex such as a tris(8-
quinolinolato)aluminum complex, a coumarin derivative, a
tetraphenylbutadiene derivative, a bisstyrylarylene deriva-
tive, and an oxadiazole derivative in accordance with a
requested luminescent color. An arylamine compound and an
aryldiamine compound are particularly preferred examples of
such compound; out of those compounds, a styrylamine com-
pound, a styryldiamine compound, an aromatic amine com-



US 2011/0278551 Al

pound, or an aromatic diamine compound is more preferred,
and a fused polycyclic amine derivative is still more pre-
ferred. One kind of those fluorescent dopants may be used
alone, or two or more kinds thereof may be used in combina-
tion.

[0232] The organic EL device of the present invention pref-
erably contains at least one of a styrylamine compound and an
arylamine as the fluorescent dopant. A compound represented
by the following general formula (50) is preferably used as at
least one of the styrylamine compound and the arylamine.

[Chem. 45]
(50)
Ar
Ary; N/ .
\
Arzg u
[0233] In the general formula (50), Ar,, to Ar,, each rep-

resent a substituted or unsubstituted aromatic group having 6
to 40 ring carbon atoms, and u represents an integer of 1 to 4,
in particular, u preferably represents an integer of 1 or 2. One
of Ar,, to Ar,, may represent a group containing a styryl
group. When one of Ar,, and Ar, 4 has a styryl group, at least
one of Ar,, and Ar,, is preferably substituted with a styryl
group.

[0234] Here, examples of the aromatic group having 6 to 40
ring carbon atoms include a phenyl group, a naphthyl group,
an anthranyl group, a phenanthryl group, a pyrenyl group, a
coronyl group, a biphenyl group, a terphenyl group, a pyrrolyl
group, a furanyl group, a thiophenyl group, a benzothiophe-
nyl group, an oxadiazolyl group, a diphenylanthranyl group,
an indolyl group, a carbazolyl group, a pyridyl group, a ben-
zoquinolyl group, a fluoranthenyl group, an acenaphthofluo-
ranthenyl group, a stilbene group, a perylenyl group, a chry-
senyl group, a picenyl group, a triphenylenyl group, a
rubicenyl group, a benzoanthracenyl group, a phenylanthra-
cenyl group, a bisanthracenyl group, and arylene groups rep-
resented by the following general formulae (C) and (D). Of
those, preferred are a naphthyl group, an anthranyl group, a
chrysenyl group, a pyrenyl group, and an arylene group rep-
resented by the general formula (D).

[Chem. 46]
©
)
7 i —
O <J
[0235] Inthe general formula (C), r represents an integer of

1to 3.
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[0236] It should be noted that preferred examples of the
substituent which is substituted for the aryl group and arylene
group include an alkyl group having 1 to 6 carbon atoms (such
as an ethyl group, a methyl group, an i-propyl group, an
n-propyl group, an s-butyl group, a t-butyl group, a pentyl
group, a hexyl group, a cyclopentyl group, or a cyclohexyl
group), an alkoxy group having 1 to 6 carbon atoms (such as
an ethoxy group, a methoxy group, an i-propoxy group, an
n-propoxy group, an s-butoxy group, a t-butoxy group, a
pentoxy group, a hexyloxy group, a cyclopentoxy group, ora
cyclohexyloxy group), an aryl group having 5 to 40 carbon
atoms, an amino group substituted by an aryl group having 5
to 40 carbon atoms, an ester group containing an aryl group
having 5 to 40 carbon atoms, an ester group containing an
alkyl group having 1 to 6 carbon atoms, a cyano group, a nitro
group, and a halogen atom.

[0237] The light emitting material contained in the light
emitting layer is not particularly limited, and examples of the
host materials include polycyclic aromatic compounds such
as an anthracene compound, a phenanthrene compound, a
fluoranthene compound, a tetracene compound, a triph-
enylene compound, a chrysene compound, a pyrene com-
pound, a coronene compound, a perylene compound, a phtha-
loperylene compound, a naphthaloperylene compound, a
naphthacene compound, and a pentacene compound, oxadia-
zole, bisbenzoxazoline, bisstyryl, cyclopentadiene, a quino-
line metal complex, a tris(8-hydroxyquinolinato)aluminum
complex, a tris(4-methyl-8-quinolinato)aluminum complex,
a tris(5-phenyl-8-quinolinato)aluminum complex, an amino-
quinoline metal complex, a benzoquinoline metal complex,
tri-(p-terphenyl-4-yl) amine, a 1-aryl-2,5-di(2-thienyl)pyr-
role derivative, pyran, quinacridone, rubrene, a distyrylben-
zene derivative, a distyrylarylene derivative, a porphyrin
derivative, a stilbene derivative, a pyrazoline derivative, a
coumarin-based dye, a pyran-based dye, a phthalocyanine-
based dye, a naphthalocyanine-based dye, a croconium-based
dye, a squalium-based dye, an oxobenzanthracene-based dye,
a fluorescein-based dye, a rhodamine-based dye, a pyrylium-
based dye, a perylene-based dye, a stilbene-based dye, a
polythiophene-based dye, a rare-earth complex-based fluo-
rescent substance, a rare-earth-based phosphorescent com-
plex (such as an Ir complex), and polymer materials such as
conductive polymers including polyvinylcarbazole, polysi-
lane, and polyethylenedioxidethiophene (PEDOT). Those
compounds may be used alone, or a mixture of two or more
kinds thereof may be used.

[0238] As the host material to be used in combination with
the compounds of the present invention, compounds repre-
sented by the following formulae (11) to (17) are preferred.
[0239] An anthracene derivative represented by the follow-
ing general formula (51).

[Chem. 47] (51)
Ry Ro3
Ry Q Ra
Any O Aryy
Rog O Ros
Ry7 Ry6
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[0240] In the general formula (51), A,, and A,, each inde-
pendently represent a substituted or unsubstituted aromatic
cyclic group having 6 to 60 carbon atoms, and R, to R,5 each
independently represent a hydrogen atom, a substituted or
unsubstituted aromatic cyclic group having 6 to 50 carbon
atoms, a substituted or unsubstituted aromatic heterocyclic
group having 5 to 50 atoms, a substituted or unsubstituted
alkyl group having 1 to 50 carbon atoms, a substituted or
unsubstituted cycloalkyl group, a substituted or unsubstituted
alkoxy group having 1 to 50 carbon atoms, a substituted or
unsubstituted aralkyl group having 6 to 50 carbon atoms, a
substituted or unsubstituted aryloxy group having 5 to 50
atoms, a substituted or unsubstituted arylthio group having 5
to 50 atoms, a substituted or unsubstituted alkoxycarbonyl
group having 1 to 50 carbon atoms, a substituted or unsubsti-
tuted silyl group, a carboxyl group, a halogen atom, a cyano
group, a nitro group, or a hydroxy group.

[0241] A pyrene derivative represented by the following
general formula (52).

[Chem. 48]

(52

Ra

[0242] In the general formula (52), R;, to R;, each inde-
pendently represent a hydrogen atom, a substituted or unsub-
stituted aromatic cyclic group having 6 to 50 carbon atoms, a
substituted or unsubstituted aromatic heterocyclic group hav-
ing 5 to 50 atoms, a substituted or unsubstituted alkyl group
having 1 to 50 carbon atoms, a substituted or unsubstituted
cycloalkyl group, a substituted or unsubstituted alkoxy group
having 1 to 50 carbon atoms, a substituted or unsubstituted
aralkyl group having 6 to 50 carbon atoms, a substituted or
unsubstituted aryloxy group having 5 to 50 atoms, a substi-
tuted or unsubstituted arylthio group having 5 to 50 atoms, a
substituted or unsubstituted alkoxycarbonyl group having 1
to 50 carbon atoms, a substituted or unsubstituted silyl group,
a carboxyl group, a halogen atom, a cyano group, a nitro
group, or a hydroxy group.

[0243] An anthracene derivative represented by the follow-
ing general formula (53).

[Chem. 49]
(53)

Rap
/ \_\\< R4z
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[0244] In the general formula (53), R,, to R, each inde-
pendently represent a hydrogen atom, an alkyl group, a
cycloalkyl group, an aryl group which may be substituted, an
alkoxyl group, an aryloxy group, an alkylamino group, an
alkenyl group, an arylamino group, or a heterocyclic group
which may be substituted.

[0245] 1iand j each represent an integer of 1 to 5, and, when
iorjrepresents 2 or more, and R,,’s or R, ’s may be identical
to or different from each other. Further, R,,,’s or R, ,’s may be
bonded to each other to form aring, and R,, and R,;, R, and
R,s, R sand R, or R, and R ., may be bonded to each other
to form a ring.

[0246] L, represents a single bond, —O— —S—,
—N(R)— (R represents an alkyl group or an aryl group which
may be substituted), an alkylene group, or an arylene group.
[0247] An anthracene derivative represented by the follow-
ing general formula (54).

[Chem. 50] (54)

k(Rso)

AN\

(Rsp)! n(Rs6)

[0248] In the general formula (54), Ry, to Ry, each inde-
pendently represent a hydrogen atom, an alkyl group, a
cycloalkyl group, an aryl group, an alkoxyl group, an aryloxy
group, an alkylamino group, an arylamino group, or a hetero-
cyclic group which may be substituted.

[0249] k,1, m, andn each represent an integer of 1 to 5, and,
when any one of k, 1, m, and n represents 2 or more, Rs,’s,
Rs,’s, Rss’s, or Rss’s may be identical to or different from
each other. Further, Rs,’s, Rs3’s, Ryy’s, or Rss’s may be
bonded to each other to form a ring, and Ry, and Rs; or Ry,
and Rg may be bonded to each other to form a ring.

[0250] L, represents a single bond, —O— —S—,
—N(R)— (R represents an alkyl group or an aryl group which
may be substituted), an alkylene group, or an arylene group.
[0251] A spirofiuorene derivative represented by the fol-
lowing general formula (55).

Voo™
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[0252] In the general formula (55), A5, to A;, each inde-
pendently represent a substituted or unsubstituted biphenylyl
group, or a substituted or unsubstituted naphthyl group.
[0253] A compound represented by the following general
formula (56).

[Chem. 52]

(56)
Argq

Re1 Re3

Argy Aryz
AI45/ 9 SArgg
2

[0254] In the general formula (56), Ar,, to Ar,, each inde-
pendently represent a substituted or unsubstituted arylene
group having 6 to 60 carbon atoms, and Ar,, to Ar,s each
independently represent a hydrogen atom, or a substituted or
unsubstituted aryl group having 6 to 60 carbon atoms.
[0255] R, to Rg; each independently represent a hydrogen
atom, an alkyl group having 1 to 6 carbon atoms, a cycloalkyl
group having 3 to 6 carbon atoms, an alkoxyl group having 1
to 6 carbon atoms, an aryloxy group having 5 to 18 carbon
atoms, an aralkyloxy group having 7 to 18 carbon atoms, an
arylamino group having 5 to 16 carbon atoms, a nitro group,
a cyano group, an ester group having 1 to 6 carbon atoms, or
a halogen atom.

[0256] A fluorene compound represented by the following
general formula (57).

[Chem. 53]

&7

Rz Ry
Aryy
Arp
BN
Ry R /

[0257] In the general formula (57), R,; and R, each rep-

resent a hydrogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aralkyl group, a substi-
tuted or unsubstituted aryl group, a substituted or unsubsti-
tuted heterocyclic group, a substituted amino group, a cyano
group, or a halogen atom. R,’s or R,,’s bonded to different
fluorene groups may be identical to or different from each
other,and R, and R, bonded to the same fluorene group may
be identical to or different from each other.

[0258] Ry and Ry, each represent a hydrogen atom, a sub-
stituted or unsubstituted alkyl group, a substituted or unsub-
stituted aralkyl group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group.
R.;3’s or R,,’s bonded to different fluorene groups may be
identical to or different from each other, and R,; and R,
bonded to the same fluorene group may be identical to or
different from each other.
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[0259] Ar,, and Ar,, each represent a substituted or unsub-
stituted fused polycyclic aromatic group having three or more
benzene rings in total, or a substituted or unsubstituted fused
polycyclic heterocyclic group that has three or more rings
each of which is a benzene ring or a heterocyclic ring in total
and that is bonded to a fluorene group by carbon. Ar,, and
Ar,, may be identical to or different from each other. v rep-
resents an integer of 1 to 10.

[0260] Of the above-mentioned host materials, an
anthracene derivative is preferred, a monoanthracene deriva-
tive is more preferred, and an asymmetric anthracene is par-
ticularly preferred.

[0261] A host formed of a compound containing a carba-
zole ring and suitable for phosphorescence is a compound
having a function of causing a phosphorescent compound to
emit light as a result of the occurrence of energy transfer from
the excited state of the host to the phosphorescent compound.
A host compound is not particularly limited as long as it is a
compound capable of transferring exciton energy to a phos-
phorescent compound, and can be appropriately selected in
accordance with a purpose. The host compound may have, for
example, an arbitrary heterocyclic ring in addition to a car-
bazole ring.

[0262] Specific examples of such host compound include a
carbazole derivative, a triazole derivative, an oxazole deriva-
tive, an oxadiazole derivative, an imidazole derivative, a pol-
yarylalkane derivative, a pyrazoline derivative, a pyrazolone
derivative, a phenylenediamine derivative, an arylamine
derivative, an amino-substituted chalcone derivative, a styry-
lanthracene derivative, a fluorenone derivative, a hydrazone
derivative, a stilbene derivative, a silazane derivative, an aro-
matic tertiary amine compound, a styrylamine compound, an
aromatic dimethylidene-based compound, a porphyrin-based
compound, an anthraquinodimethane derivative, an anthrone
derivative, a diphenylquinone derivative, a thiopyran dioxide
derivative, a carbodiimide derivative, a fluorenyliden-
emethane derivative, a distyrylpyrazine derivative, a hetero-
cyclic tetracarboxylic anhydride such as naphthale-
neperylene, a phthalocyanine derivative, various metal
complexes typified by a metal complex of an 8-quinolinol
derivative and a metal complex having metal phthalocyanine,
benzoxazole, or benzothiazole as a ligand, and high molecu-
lar weight compounds such as a polysilane-based compound,
a poly(N-vinylcarbazole) derivative, an aniline-based
copolymer, a conductive high molecular weight oligomer
such as a thiophene oligomer or polythiophene, a poly-
thiophene derivative, a polyphenylene derivative, a polyphe-
nylene vinylene derivative, and a polyfluorene derivative.
One kind of the host compounds may be used alone, or two or
more kinds thereof may be used in combination.

[0263] Specific examples of the compounds include the
following compounds.

[Chem. 54]
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[0264] Next, each of the electron injecting layer and the
electron transporting layer is a layer which helps injection of
electrons into the light emitting layer, transports the electrons
to the light emitting region, and exhibits a great mobility of
electrons. Further, the adhesion improving layer is an electron
injecting layer including a material exhibiting particularly
improved adhesion with the cathode.

[0265] Inaddition, it is known that, in an organic EL device,
emitted light is reflected by an electrode (cathode in this
case), and hence emitted light directly extracted from an
anode and emitted light extracted via the reflection by the
electrode interfere with each other. The thickness of an elec-
tron transporting layer is appropriately selected from the
range of several nanometers to several micrometers in order
that the interference effect may be effectively utilized. In
particular, when the thickness of the electron transporting
layer is large, an electron mobility is preferably at least 10~°
cm?/Vs or more upon application of an electric field of 10* to
10° V/cm in order to avoid an increase in voltage.

[0266] A metal complex of 8-hydroxyquinoline or of a
derivative of 8-hydroxyquinoline, or an oxadiazole derivative
is suitable as a material to be used in an electron injecting
layer. Specific examples of the above-mentioned metal com-
plex of 8-hydroxyquinoline or of the derivative of 8-hydrox-
yquinoline that can be used as an electron injecting material
include metal chelate oxynoid compounds each containing a
chelate of oxine (generally 8-quinolinol or 8-hydroxyquino-
line), such as tris(8-quinolinol)aluminum.

[0267] On the other hand, examples of the oxadiazole
derivative include electron transfer compounds represented
by the following general formulae.

[Chem. 55]

ol S

N—

g S —

[0268] In the formulae: Arg,, Arg,, Artgs, Algs, Argg, and
Arg, each represent a substituted or unsubstituted aryl group
and may be identical to or different from each other. Further,
Arg,, Arg, and Argg each represent a substituted or unsubsti-
tuted arylene group and may be identical to or different from
each other.

[0269] Examples ofthe aryl group include a phenyl group,
a biphenylyl group, an anthryl group, a perylenyl group, and
a pyrenyl group. Further, examples of the arylene group
include a phenylene group, a naphthylene group, a bipheny-
lylene group, an anthrylene group, a perylenylene group, and
a pyrenylene group. In addition, examples of the substituent
include an alkyl group having 1 to 10 carbon atoms, an
alkoxyl group having 1 to 10 carbon atoms, and a cyano
group. As the electron transfer compound, a compound which
can form a thin film is preferred.

[0270] The hole injecting layer and the hole transporting
layer are layers which help injection of holes into the light
emitting layer and transports the holes to the light emitting
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region. The layers each exhibit a great mobility of holes and,
in general, have an ionization energy as small as 5.5 eV or
less.

[0271] As such hole injecting layer and hole transporting
layer, a material which transports holes to the light emitting
layer under an electric field of a smaller strength is preferred.
A material which exhibits, for example, a mobility of holes of
at least 10~* cm?/V-sec under application of an electric field
of 10* to 10° V/cm is preferred.

[0272] When the aromatic amine derivative of the present
invention is used in the hole transporting zone, the aromatic
amine derivative of the present invention may be used alone
or as a mixture with other materials for forming the hole
injecting layer or the hole transporting layer.

[0273] The material which canbe used as a mixture with the
aromatic amine derivative of the present invention for form-
ing the hole injecting layer and the hole transporting layer is
not particularly limited as long as the material has the pre-
ferred property. The material can be arbitrarily selected from
materials which are conventionally used as the charge trans-
porting material of holes in photoconductive materials and
known materials which are used for the hole injecting layer
and the hole transporting layer in organic EL devices. In the
present invention, a material which has a hole transporting
ability and which can be used in a hole transporting zone is
referred to as “hole transporting material”.

[0274] Examples of the aromatic amine derivative to be
used in each ofthe hole injecting layer and the hole transport-
ing layer include compounds represented by the following
formula.

[Chem. 56]
Al 505 /Af 207
N ArzzzawArzn N—ArmtArygs ¥ N
Arsos Ar Arg [
A 211
(Aranp),

N
(Arzos/ \Ar204)p

[0275]  Ar,y, 10 Ary) 5, Ay 10 Arsy;, and Aryg; 10 Alsog
each represent a substituted or unsubstituted aromatic hydro-
carbon group having 6 to 50 carbon atoms, or a substituted or
unsubstituted aromatic heterocyclic group having 5 to 50
atoms, and p, q, s, t, w, and y each represent an integer of 0 to
3

[0276] Specific examples of the substituted or unsubsti-
tuted aromatic hydrocarbon group having 6 to 50 carbon
atoms include a phenyl group, a 1-naphthyl group, a 2-naph-
thyl group, a 1-anthryl group, a 2-anthryl group, a 9-anthryl
group, a l-phenanthryl group, a 2-phenanthryl group, a
3-phenanthryl group, a 4-phenanthryl group, a 9-phenanthryl
group, a 1-naphthacenyl group, a 2-naphthacenyl group, a
9-naphthacenyl group, a 1-pyrenyl group, a 2-pyrenyl group,
a 4-pyrenyl group, a 2-biphenylyl group, a 3-biphenylyl
group, a 4-biphenylyl group, a p-terphenyl-4-yl group, a
p-terphenyl-3-yl group, a p-terphenyl-2-yl group, an m-ter-
phenyl-4-yl group, an m-terphenyl-3-yl group, an m-terphe-
nyl-2-yl group, an o-tolyl group, an m-tolyl group, a p-tolyl
group, a p-t-butylphenyl group, a p-(2-phenylpropyl)phenyl
group, a 3-methyl-2-naphthyl group, a 4-methyl-1-naphthyl
group, a 4-methyl-1-anthryl group, a 4'-methylbiphenylyl
group, and a 4"-t-butyl-p-terphenyl-4-yl group.
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[0277] Specific examples of the substituted or unsubsti-
tuted aromatic heterocyclic group having 5 to 50 atoms
include a 1-pyrrolyl group, a 2-pyrrolyl group, a 3-pyrrolyl
group, a pyrazinyl group, a 2-pyridinyl group, a 3-pyridinyl
group, a 4-pyridinyl group, a 1-indolyl group, a 2-indolyl
group, a 3-indolyl group, a 4-indolyl group, a 5-indolyl
group, a 6-indolyl group, a 7-indolyl group, a 1-isoindolyl
group, a 2-isoindolyl group, a 3-isoindolyl group, a 4-isoin-
dolyl group, a 5-isoindolyl group, a 6-isoindolyl group, a
7-isoindolyl group, a 2-furyl group, a 3-furyl group, a 2-ben-
zofuryl group, a 3-benzofuryl group, a 4-benzofuryl group, a
5-benzofuryl group, a 6-benzofuryl group, a 7-benzofuryl
group, a 1-isobenzofuryl group, a 3-isobenzofuryl group, a
4-isobenzofuryl group, a S-isobenzofuryl group, a 6-isoben-
zofuryl group, a 7-isobenzofuryl group, a quinolyl group, a
3-quinolyl group, a 4-quinolyl group, a 5-quinolyl group, a
6-quinolyl group, a 7-quinolyl group, an 8-quinolyl group, a
1-isoquinolyl group, a 3-isoquinolyl group, a 4-isoquinolyl
group, a 5-isoquinolyl group, a 6-isoquinolyl group, a 7-iso-
quinolyl group, an 8-isoquinolyl group, a 2-quinoxalinyl
group, a S-quinoxalinyl group, a 6-quinoxalinyl group, a
1-phenanthridinyl group, a 2-phenanthridinyl group, a
3-phenanthridinyl group, a 4-phenanthridinyl group, a
6-phenanthridinyl group, a 7-phenanthridinyl group, an
8-phenanthridinyl group, a 9-phenanthridinyl group, a
10-phenanthridinyl group, a 1-acridinyl group, a 2-acridinyl
group, a 3-acridinyl group, a 4-acridinyl group, a 9-acridinyl
group, a 1,7-phenanthrolin-2-yl group, a 1,7-phenanthrolin-
3-yl group, a 1,7-phenanthrolin-4-yl group, a 1,7-phenan-
throlin-5-yl group, a 1,7-phenanthrolin-6-yl group, a 1,7-
phenanthrolin-8-y1 group, a 1,7-phenanthrolin-9-yl group, a
1,7-phenanthrolin-10-yl group, a 1,8-phenanthrolin-2-yl
group, a 1,8-phenanthrolin-3-yl group, a 1,8-phenanthrolin-
4-yl group, a 1,8-phenanthrolin-5-yl group, a 1,8-phenan-
throlin-6-yl group, a 1,8-phenanthrolin-7-yl group, a 1,8-
phenanthrolin-9-yl group, a 1,8-phenanthrolin-10-yl group, a
1,9-phenanthrolin-2-yl group, a 1,9-phenanthrolin-3-yl
group, a 1,9-phenanthrolin-4-yl group, a 1,9-phenanthrolin-
5-yl group, a 1,9-phenanthrolin-6-yl group, a 1,9-phenan-
throlin-7-yl group, a 1,9-phenanthrolin-8-yl group, a 1,9-
phenanthrolin-10-yl group, a 1,10-phenanthrolin-2-yl group,
a 1,10-phenanthrolin-3-yl group, a 1,10-phenanthrolin-4-yl
group, a 1,10-phenanthrolin-5-yl group, a 2,9-phenanthrolin-
1-y1 group, a 2,9-phenanthrolin-3-yl group, a 2,9-phenan-
throlin-4-yl group, a 2,9-phenanthrolin-5-yl group, a 2,9-
phenanthrolin-6-y1 group, a 2,9-phenanthrolin-7-yl group, a
2,9-phenanthrolin-8-yl group, a 2,9-phenanthrolin-10-yl
group, a 2,8-phenanthrolin-1-yl group, a 2,8-phenanthrolin-
3-yl group, a 2,8-phenanthrolin-4-yl group, a 2,8-phenan-
throlin-5-yl group, a 2,8-phenanthrolin-6-yl group, a 2,8-
phenanthrolin-7-yl group, a 2,8-phenanthrolin-9-yl group, a
2,8-phenanthrolin-10-yl group, a 2,7-phenanthrolin-1-yl
group, a 2,7-phenanthrolin-3-yl group, a 2,7-phenanthrolin-
4-yl group, a 2,7-phenanthrolin-5-yl group, a 2,7-phenan-
throlin-6-yl group, a 2,7-phenanthrolin-8-yl group, a 2,7-
phenanthrolin-9-yl group, a 2,7-phenanthrolin-10-yl group, a
1-phenazinyl group, a 2-phenazinyl group, a 1-phenothiazi-
nyl group, a 2-phenothiazinyl group, a 3-phenothiazinyl
group, a 4-phenothiazinyl group, a 10-phenothiazinyl group,
a 1-phenoxazinyl group, a 2-phenoxazinyl group, a 3-phe-
noxazinyl group, a 4-phenoxazinyl group, a 10-phenoxazinyl
group, a 2-oxazolyl group, a 4-oxazolyl group, a S-oxazolyl
group, a 2-oxadiazolyl group, a 5-oxadiazolyl group, a
3-furazanyl group, a 2-thienyl group, a 3-thienyl group, a
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2-methylpyrrol-1-yl group, a 2-methylpyrrol-3-yl group, a
2-methylpyrrol-4-yl group, a 2-methylpyrrol-5-yl group, a
3-methylpyrrol-1-yl group, a 3-methylpyrrol-2-yl group, a
3-methylpyrrol-4-yl group, a 3-methylpyrrol-5-yl group, a
2-t-butylpyrrol-4-yl group, a 3-(2-phenylpropyl)pyrrol-1-yl
group, a 2-methyl-1-indolyl group, a 4-methyl-1-indolyl
group, a 2-methyl-3-indolyl group, a 4-methyl-3-indolyl
group, a 2-t-butyl]-indolyl group, a 4-t-butyl]-indolyl group,
a 2-t-butyl3-indolyl group, and a 4-t-butyl3-indolyl group.
[0278] Further, a compound represented by the following
formula can be used in each of the hole injecting layer and the
hole transporting layer.

[Chem. 57]
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[0279] Ar,;, to Ar,;, each represent a substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 50 carbon
atoms, or a substituted or unsubstituted aromatic heterocyclic
group having to 50 atoms.

[0280] L is a linking group and represents a single bond, a
substituted or unsubstituted aromatic hydrocarbon group
having 6 to 50 carbon atoms, or a substituted or unsubstituted
aromatic heterocyclic group having 5 to 50 atoms, and x
represents an integer of 0 to 5.

[0281] Here, specific examples of the substituted or unsub-
stituted aromatic hydrocarbon group having 6 to 50 carbon
atoms, and the substituted or unsubstituted aromatic hetero-
cyclic group having 5 to 50 atoms include the same examples
as those described above.

[0282] Further, specific examples of the materials for the
hole injecting layer and the hole transporting layer include a
triazole derivative, an oxadiazole derivative, an imidazole
derivative, a polyarylalkane derivative, a pyrazoline deriva-
tive, and a pyrazolone derivative, a phenylenediamine deriva-
tive, an arylamine derivative, an amino-substituted chalcone
derivative, an oxazole derivative, a styrylanthracene deriva-
tive, a fluorenone derivative, a hydrazone derivative, a stil-
bene derivative, a silazane derivative, a polysilane-based
copolymer, an aniline-based copolymer, and a conductive
high molecular weight oligomer (in particular, a thiophene
oligomer).

[0283] The above-mentioned materials may be used as the
materials for the hole injecting layer and the hole transporting
layer, and it is preferred to use a porphyrin compound, an
aromatic tertiary amine compound, and a styrylamine com-
pound. It is particularly preferred to use an aromatic tertiary
amine compound.

[0284] Further, there may be given a compound having two
fused aromatic rings in any one of its molecules such as
4,4'-bis(N-(1-naphthyl)-N-phenylamino) biphenyl (hereinat-
ter abbreviated as “NPD”), 4,4',4"-tris(N-(3-methylphenyl]-
N-phenylamino)triphenylamine (hereinafter abbreviated as
“MTDATA”) in which three triphenylamine units are linked
to each other in a starburst pattern, and the like.
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[0285] In addition to the foregoing, a nitrogen-containing
heterocyclic derivative represented by the following formula
can be used.

[Chem. 58]
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[0286] In the above-mentioned formula, R,,, to R;,, each
represent any one of a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aryl group, a substituted
or unsubstituted aralkyl group, and a substituted or unsubsti-
tuted heterocyclic group, provided that R, ,, to R, may be
identical to or different from one another, and R,,, and R ,,,
Riz;andR, ;4R 55 and Ry 56, Ry 5 and R 56, Ry 55 and Ry o5, 01
R,,4and R, may form a fused ring.

[0287] Further, a compound represented by the following
formula can be used.

[Chem. 59]
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[0288] In the above-mentioned formula, R, 5, to R, ;4 each
represent a substituent, preferably an electron-withdrawing
group such as a cyano group, a nitro group, a sulfonyl group,
a carbonyl group, a trifluoromethyl group, or a halogen.
[0289] As typified by those materials, acceptor materials
can each also be used as the hole injecting material. Specific
examples of the materials are as described above.

[0290] Further, in addition to the aromatic dimethylidyne-
based compounds described above as the material for the light
emitting layer, inorganic compounds such as Si of the p-type
and SiC of the p-type can also be used as the material for the
hole injecting layer and the hole transporting layer.

[0291] The hole injecting layer and the hole transporting
layer can be obtained by forming a thin film from the aromatic
amine derivative of the present invention in accordance with
a known process such as the vacuum vapor deposition pro-
cess, the spin coating process, the casting process, and the LB
process.

[0292] The thickness of each of the hole injecting layer and
the hole transporting layer is not particularly limited. In gen-
eral, the thickness is 5 nm to 5 um. The hole injecting layer
and the hole transporting layer may be formed of a single
layer containing one kind or two or more kinds of materials
described above or may be a laminate formed of a hole inject-
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ing layer and a hole transporting layer containing different
kinds of compounds as long as the aromatic amine derivative
of the present invention is incorporated in the hole transport-
ing zone.

[0293] Further, an organic semiconductor layer may be
formed as a layer for helping the injection of holes into the
light emitting layer. A layer having a conductivity of 107'°
S/cm or more is preferred. As a material for the organic
semiconductor layer, there may be used as conductive oligo-
mers such as oligomers containing thiophene and oligomers
containing arylamine, conductive dendrimers such as den-
drimers containing arylamine, and the like.

[0294] As for a method of producing the organic EL device
of the present invention, the anode, light emitting layer, hole
injecting layer, and electron injecting layer may be formed in
accordance with the above-mentioned process using the
materials, and the cathode may be formed in the last step.
Further, the organic EL. device may also be produced by
forming the above-mentioned layers in the order reverse to
the order described above, i.e., the cathode being formed in
the first step and the anode in the last step.

[0295] Hereinafter, an example of producing an organic EL.
device having a configuration in which an anode, a hole
injecting layer, a light emitting layer, an electron injecting
layer, and a cathode are formed successively on a light-trans-
missive substrate is described.

[0296] First, on a suitable light-transmissive substrate, a
thin film made of a material for the anode is formed in accor-
dance with the vapor deposition process or the sputtering
process so that the thickness of the formed thin film is 1 pm or
less, preferably in the range of 10 to 200 nm. The formed thin
film is used as the anode.

[0297] Then, a hole injecting layer is formed on the anode.
The hole injecting layer can be formed in accordance with the
vacuum vapor deposition process, the spin coating process,
the casting process, the LB process, or the like, as described
above. The vacuum vapor deposition process is preferred
because a uniform film can be easily obtained and the possi-
bility of formation of pin holes is small.

[0298] When the hole injecting layer is formed in accor-
dance with the vacuum vapor deposition process, in general,
it is preferred that the conditions be suitably selected from the
following ranges: the temperature of the source of the depo-
sition: 50 to 450° C.; the degree of vacuum: 1077 to 10> Torr;
the rate of deposition: 0.01 to 50 nn/s; the temperature of the
substrate: =50 to 300° C.; and the thickness of the film: 5 nm
to 5 pum, although the conditions of the vacuum vapor depo-
sition are different depending on the compound to be used
(material for the hole injecting layer) and the crystal structure
and the recombination structure of the target hole injecting
layer.

[0299] Then, the light emitting layer is formed on the hole
injecting layer. The formation of the light emitting layer can
be achieved by forming a thin film of the light emitting
material using the light emitting material according to the
present invention in accordance with a process such as the
vacuum vapor deposition process, the sputtering process, the
spin coating process, or the casting process. The vacuum
vapor deposition process is preferred because a uniform film
can be easily obtained and the possibility of formation of pin
holes is small.

[0300] When the light emitting layer is formed in accor-
dance with the vacuum vapor deposition process, in general,
the conditions of the vapor deposition process can be selected
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from the same condition ranges as those for the formation of
the hole injecting layer, although the conditions are different
depending on the compound to be used. The thickness is
preferably within the range of 10 to 40 nm.

[0301] Next, an electron injecting layer is formed on the
light emitting layer. In this case, similarly to the hole injecting
layer and the light emitting layer, it is preferred that the
electron injecting layer be formed in accordance with the
vacuum vapor deposition process because a uniform film is
requested to be obtained. The conditions of the vapor depo-
sition can be selected from the same condition ranges as those
for the hole injecting layer and the light emitting layer.

[0302] Afterthat, a cathodeis laminated, and an organic EL.
device can be obtained. The cathode is formed of a metal and
can be formed in accordance with the vapor deposition pro-
cess, the sputtering process, or the like. It is preferred that the
vacuum vapor deposition process be used in view of prevent-
ing damages of the lower organic thin film layers during the
formation of the film.

[0303] In the production of the organic EL. device as
describe above, it is preferred that the layers from the anode to
the cathode be formed successively by vacuuming once.

[0304] The method of forming the respective layers in the
organic EL device of the present invention is not particularly
limited. A conventionally known process such as the vacuum
vapor deposition process or the spin coating process can be
used. The organic thin film layer which is used in the organic
EL device of the present invention and includes the com-
pound represented by the general formula (1) can be formed
in accordance with a known process such as the vacuum vapor
deposition process, the molecular beam epitaxy process
(MBE process), or a coating process such as the dipping
process, the spin coating process, the casting process, the bar
coating process, or the roll coating process using a solution
prepared by dissolving the compounds into a solvent.

[0305] The thickness of each organic thin film layer in the
organic EL device of the present invention is not particularly
limited. However, a thickness in the range of several nanom-
eters to 1 um is preferred in order to prevent defects such as
pin holes and to improve efficiency.

[0306] Itshould be noted that, in a case of applying a direct
voltage to the organic EL device, emitted light can be
observed, when a direct voltage of 5 to 40V is applied in the
condition that the polarity of the anode is plus (+) and the
polarity of the cathode is minus (-). In addition, when the
polarities are reversed and an electric voltage is applied, no
electric current flows and no light is emitted at all. Further,
when an alternating voltage is applied, a uniform emitted
light can be observed only in the condition that the polarity of
the anode is plus (+) and the polarity of the cathode is minus
(=). When an alternating voltage is applied, any type of wave
shape can be used.

[0307] The organic EL device of the present invention can
find use in: flat luminous bodies for the flat panel displays of
wall-hung televisions and the like; light sources for the back-
lights, measuring gauges, and the like of copying machines,
printers, and liquid crystal displays; display boards; and
marker lamps. In addition, the material of the present inven-
tion can be used not only in an organic EL device but also in
the fields of, for example, an electrophotographic photosen-
sitive member, a photoelectric converter, a solar cell, and an
image sensor.
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EXAMPLES
Synthesis Example 1-1
Synthesis of Intermediate 1-1)

[0308] In a stream of argon, to a 1,000-mL three-necked
flask, 47 g of 4-bromobiphenyl, 23 g of iodine, 9.4 g of
periodic acid dihydrate, 42 mL of water, 360 mL of acetic
acid, and 11 mL of sulfuric acid were charged, and the mix-
ture was stirred at 65° C. for 30 minutes and was then sub-
jected to a reaction at 90° C. for 6 hours. The reactant was
poured into ice water, followed by filtering. The resultant was
washed with water, and then washed with methanol, whereby
67 g of a white powder were obtained. Main peaks having
ratios m/z of 358 and 360 were obtained with respect to
C,,HgBrI=359 by a field desorption mass spectrometry
(hereinafter, FD-MS) analysis, so the powder was identified
as Intermediate 1-1.

Synthesis Example 1-2
Synthesis of Intermediate 1-2)

[0309] A reaction was performed in the same manner as in
Synthesis Example 1-1 except that 2-bromo-9,9-dimeth-
ylfluorene was used instead of 4-bromobiphenyl. As a result,
61 g of a white powder were obtained. The powder was
identified as Intermediate 1-2 by FD-MS analysis because
main peaks having ratios m/z of 398 and 400 were obtained
with respect to C,sH,,BrI=399.

Synthesis Example 1-3
Synthesis of Intermediate 1-3

[0310] 150 grams (892 mmol) of dibenzofuran and 1 L of
acetic acid were loaded into a flask. The air in the flask was
replaced with nitrogen, and then the contents were dissolved
under heat. 188 grams (1.18 mol) of bromine were dropped to
the solution while the flask was sometimes cooled with water.
After that, the mixture was stirred for 20 hours under air
cooling. The precipitated crystal was separated by filtration,
and was then sequentially washed with acetic acid and water.
The washed crystal was dried under reduced pressure. The
resultant crystal was purified by distillation under reduced
pressure, and was then repeatedly recrystallized with metha-
nol several times. Thus, 66.8 g of 2-bromodibenzofuran were
obtained (in 31% yield). The resultant was identified as Inter-
mediate 1-3 by FD-MS analysis.

Synthesis Example 1-4
Synthesis of Intermediate 1-4

[0311] Under an argon atmosphere, 400 mL of anhydrous
THF were added to 24.7 g (100 mmol) of 2-bromodibenzo-
furan (Intermediate 1-3), and then 63 ml (100 mmol) of a
solution of n-butyllithium in hexane having a concentration
of 1.6 M were added to the mixture during the stirring of the
mixture at -40° C. The reaction solution was stirred for 1 hour
while being heated to 0° C. The reaction solution was cooled
to —78° C. again, and then a solution of 26.0 g (250 mmol) of
trimethyl borate in 50 mL of dry THF was dropped to the
solution. The reaction solution was stirred at room tempera-
ture for 5 hours. 200 milliliters of 1N hydrochloric acid were
added to the solution, and then the mixture was stirred for 1
hour. After that, the aqueous layer was removed. The organic
layer was dried with magnesium sulfate, and then the solvent
was removed by distillation under reduced pressure. The
resultant solid was washed with toluene. Thus, 15.2 g of
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dibenzofuran-2-boronic acid were obtained (in 72% yield).
The resultant was identified as Intermediate 1-4 by FD-MS
analysis because a main peak having a ratio m/z of 212 was
obtained with respect to C,,H;BO,=212.

Synthesis Example 1-5
Synthesis of Intermediate 1-5

[0312] Under an argon atmosphere, 300 mL of toluene and
150 mL of an aqueous solution of sodium carbonate having a
concentration of 2 M were added to 28.3 g (100 mmol) of
4-iodobromobenzene, 22.3 g (105 mmol) of dibenzofuran-2-
boronic acid (Intermediate 1-4), and 2.31 g (2.00 mmol) of
tetrakis(triphenylphosphine)palladium(0), and then the mix-
ture was heated while being refluxed for 10 hours.

[0313] Immediately after the completion of the reaction,
the resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 26.2 g of a white crystal of
4-(4-bromophenyl)dibenzofuran were obtained (in 81%
yield). The crystal was identified as Intermediate 1-5 by FD-
MS analysis.

Synthesis Example 1-6
Synthesis of Intermediate 1-6

[0314] A reaction was performed in the same manner as in
Synthesis Example 1-5 except that 22.3 g of dibenzofuran-4-
boronic acid were used instead of dibenzofuran-2-boronic
acid. As aresult, 23.1 g of a white powder were obtained. The
powder was identified as Intermediate 1-6 by FD-MS analy-
sis.

Synthesis Example 1-7
Synthesis of Intermediate 1-7

[0315] A reaction was performed in the same manner as in
Synthesis Example 1-6 except that 36 g of Intermediate 1-1
were used instead of 4-iodobromobenzene. As aresult, 28.1 g
of'a white powder were obtained. The powder was identified
as Intermediate 1-6 by FD-MS analysis.

Synthesis Example 1-8
Synthesis of Intermediate 1-8

[0316] A reaction was performed in the same manner as in
Synthesis Example 1-6 except that 40 g of Intermediate 1-2
were used instead of 4-iodobromobenzene. As aresult,30.2 g
of'a white powder were obtained. The powder was identified
as Intermediate 1-8 by FD-MS analysis.

Synthesis Example 1-9
Synthesis of Intermediate 1-9

[0317] Under an argon atmosphere, 2 mL of trans-1,2-cy-
clohexanediamine and 300 mL of 1,4-dioxane were added to
28.3 g (100 mmol) of 4-iodobromobenzene, 16.7 g (100
mmol) of carbazole, 0.2 g (1.00 mmol) of copper iodide
(Cul), and 42.4 g (210 mmol) of tripotassium phosphate, and
then the mixture was stirred at 100° C. for 20 hours.

[0318] After the completion of the reaction, 300 mL of
water were added to the resultant. After that, the mixture was
subjected to liquid separation, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
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and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 18.3 g of a white crystal
were obtained (in 57% yield). The resultant was identified as
Intermediate 1-9 by FD-MS analysis.

Synthesis Example 1-10
Synthesis of Intermediate 1-10

[0319] A reaction was performed in the same manner as in
Synthesis Example 1-9 except that 36 g of Intermediate 1-1
were used instead of 4-iodobromobenzene. As aresult,23.1 g
of a white powder were obtained. The powder was identified
as Intermediate 1-10 by FD-MS analysis.

Synthesis Example 1-11
Synthesis of Intermediate 1-11

[0320] In a stream of argon, 670 g of carbazole, 850 kg of
iodobenzene, 20 L of xylene, 460 g of t-BuONa, and palla-
dium acetate (Pd(OAc),) were loaded, and then the mixture
was refluxed for 8 hours. Impurities were filtrated, and then
the filtrate was concentrated under reduced pressure and
washed with hexane. After that, the washed product was
dried. As aresult, 820 g of phenylcarbazole were obtained as
awhite powder. A reaction was performed in the same manner
as in the synthesis of Intermediate 1-1 except that phenylcar-
bazole was used instead of 4-bromobiphenyl. As a result, 650
g of awhite powder were obtained. The powder was identified
as Intermediate 1-11 by FD-MS analysis.

Synthesis Example 1-12
Synthesis of Intermediate 1-12

[0321] A reaction was performed in the same manner as in
Synthesis Examples 1-4 and 1-5 except that Intermediate
1-11 was used instead of Intermediate 1-3. As a result, 250 g
of a white powder were obtained. The powder was identified
as Intermediate 1-12 by FD-MS analysis.

Synthesis Example 1-13
Synthesis of Intermediate 1-13

[0322] Ina stream of argon, 16.8 g of diphenylamine, 36.0
g of Intermediate 1-1, 10 g of t-butoxy sodium (manufactured
by Hiroshima Wako Ltd.), 1.6 g of bis(triphenylphosphine)
palladium (II) chloride (manufactured by TOKYO CHEMI-
CAL INDUSTRY CO., LTD.), and 500 mL of xylene were
loaded and subjected to a reaction at 130° C. for 24 hours.
[0323] After the resultant had been cooled, 1,000 mL of
water were added to the resultant, and then the mixture was
filtrated with celite. The filtrate was extracted with toluene,
and was then dried with anhydrous magnesium sulfate. The
dried product was concentrated under reduced pressure. The
resultant coarse product was subjected to column purifica-
tion, and was then recrystallized with toluene. The crystal was
taken by filtration, and was then dried. As a result, 12.4 gofa
pale yellow powder were obtained. The powder was identi-
fied as Intermediate 1-13 by FD-MS analysis.

Synthesis Example 1-14
Synthesis of Intermediate 1-14

[0324] A reaction was performed in the same manner as in
Synthesis Example 1-13 except that 4-iodobromobenzene
was used instead of Intermediate 1-1. As a result, 9.3 gofa
white powder were obtained. The powder was identified as
Intermediate 1-14 by FD-MS analysis.
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Synthesis Example 1-15
Synthesis of Intermediate 1-15

[0325] In a stream of argon, 185 g of 1-acetamide (manu-
factured by TOKYO CHEMICAL INDUSTRY CO., LTD.),
323 g of Intermediate 1-6 (manufactured by Wako Pure
Chemical Industries, [.td.), 544 g of potassium carbonate
(manufactured by Wako Pure Chemical Industries, [.td.), 12.5
g of a copper powder (manufactured by Wako Pure Chemical
Industries, [.td.), and 2 L. of decalin were loaded and sub-
jected to a reaction at 190° C. for 4 days. After the reaction,
the resultant was cooled, and then 2 L of toluene were added
to the resultant. The insoluble portion was taken by filtration.
The product taken by filtration was dissolved in 4.5 L. of
chloroform, and then the insoluble portion was removed.
After that, the remainder was subjected to an activated carbon
treatment and concentrated. 3 liters of acetone were added to
the resultant, and then 181 g of the precipitated crystal were
taken by filtration. The crystal was identified as Intermediate
1-15 by FD-MS analysis.

Synthesis Example 1-16
Synthesis of Intermediate 1-16

[0326] In a stream of argon, Intermediate 1-15 was sus-
pended in 5 L of ethylene glycol (manufactured by Wako Pure
Chemical Industries, [.td.) and 50 mL of water, and then 210
g of an 85% aqueous solution of potassium hydroxide were
added to the suspension. After that, the mixture was subjected
to a reaction at 120° C. for 8 hours. After the reaction, the
reaction liquid was injected into 10 L of water, and then the
precipitated crystal was taken by filtration. The crystal was
washed with water and methanol. The resultant crystal was
dissolved in 3 L of tetrahydrofuran under heat. The solution
was subjected to an activated carbon treatment, and was then
concentrated. Acetone was added to the resultant to precipi-
tate a crystal. The crystal was taken by filtration. Thus, 151 g
of'a white powder were obtained. The powder was identified
as Intermediate 1-16 by FD-MS analysis.

Synthesis Example 1-17
Synthesis of Intermediate 1-17

[0327] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that Intermediate
1-7 was used instead of Intermediate. As a result, 172 g ofa
white powder were obtained. The powder was identified as
Intermediate 1-17 by FD-MS analysis.

Synthesis Example 1-18
Synthesis of Intermediate 1-18

[0328] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that Intermediate
1-8 was used instead of Intermediate 1-6. As aresult, 168 g of
a white powder were obtained. The powder was identified as
Intermediate 1-18 by FD-MS analysis.
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Synthesis Example 1-19
Synthesis of Intermediate 1-19

[0329] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that Intermediate
1-5 was used instead of Intermediate 1-6. As aresult, 153 gof
a white powder were obtained. The powder was identified as
Intermediate 1-19 by FD-MS analysis.

Synthesis Example 1-20
Synthesis of Intermediate 1-20

[0330] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that the usage of
Intermediate 1-6 was changed from 323 g to 678 g. As a
result, 280 g of a white powder were obtained. The powder
was identified as Intermediate 1-20 by FD-MS analysis.

Synthesis Example 1-21
Synthesis of Intermediate 1-21

[0331] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that: Intermediate
1-15was used instead of 1-acetamide; and 4-bromo-p-terphe-
nyl was used instead of Intermediate 1-6. As a result, 280 g of
a white powder were obtained. The powder was identified as
Intermediate 1-21 by FD-MS analysis.

Synthesis Example 1-22
Synthesis of Intermediate 1-22

[0332] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that Intermediate
1-5 was used instead of Intermediate 1-6. As aresult, 245 gof
a white powder were obtained. The powder was identified as
Intermediate 1-22 by FD-MS analysis.

Synthesis Example 1-23
Synthesis of Intermediate 1-23

[0333] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that: Intermediate
1-15 was used instead of 1-acetamide; and Intermediate 1-9
was used instead of Intermediate 1-6. As a result, 255 gofa
white powder were obtained. The powder was identified as
Intermediate 1-23 by FD-MS analysis.

Synthesis Example 1-24
Synthesis of Intermediate 1-24

[0334] In a stream of argon, 11.0 g of aniline, 32.3 g of
Intermediate 1-9, 13.6 g of t-butoxy sodium (manufactured
by Hiroshima Wako Ltd.), 0.92 g of tris(dibenzylideneac-
etone)dipalladium(0) (manufactured by Sigma Aldrich Co.),
and 600 m[ of dry toluene were loaded and subjected to a
reaction at 80° C. for 8 hours.

[0335] Aftertheresultant had been cooled, 500 mL of water
were added to the resultant, and then the mixture was filtrated
with celite. The filtrate was extracted with toluene, and was
then dried with anhydrous magnesium sulfate. The dried
product was concentrated under reduced pressure. The result-
ant coarse product was subjected to column purification, and
was then recrystallized with toluene. The crystal was taken by
filtration, and was then dried. As a result, 23.8 g of an amine
derivative (pale yellow powder) were obtained. Further, a
reaction was performed in the same manner as in Synthesis
Example 1-13 except that the amine derivative (pale yellow
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powder) obtained in the foregoing was used instead of diphe-
nylamine. As a result, 28.4 g of a white powder were obtained.
The powder was identified as Intermediate 1-24 by FD-MS
analysis.

Synthesis Example 1-25
Synthesis of Intermediate 1-25

[0336] A reaction was performed in the same manner as in
Synthesis Example 1-24 except that 4-iodobromobenzene
was used instead of Intermediate 1-1 in the reaction on the
second stage. As a result, 22.5 g of an amine intermediate
(white powder) were obtained. Further, a reaction was per-
formed in the same manner as in Synthesis Example 1-13
except that the amine intermediate (white powder) obtained
in the foregoing was used instead of diphenylamine. As a
result, 23.4 g of a white powder were obtained. The powder
was identified as Intermediate 1-25 by FD-MS analysis.

Synthesis Example 1-26
Synthesis of Intermediate 1-26

[0337] In a stream of argon, 185 g of 1-acetamide (manu-
factured by TOKYO CHEMICAL INDUSTRY CO., LTD.),
323 g of Intermediate 1-6 (manufactured by Wako Pure
Chemical Industries, [.td.), 544 g of potassium carbonate
(manufactured by Wako Pure Chemical Industries, [.td.), 12.5
g of a copper powder (manufactured by Wako Pure Chemical
Industries, [.td.), and 2 L. of decalin were loaded and sub-
jected to a reaction at 190° C. for 4 days. After the reaction,
the resultant was cooled, and then 2 L of toluene were added
to the resultant. The insoluble portion was taken by filtration.
The product taken by filtration was dissolved in 4.5 L. of
chloroform, and then the insoluble portion was removed.
After that, the remainder was subjected to an activated carbon
treatment and concentrated. 3 liters of acetone were added to
the resultant, and then 175 g of the precipitated crystal were
taken by filtration.

[0338] To the resultant, 120 g of 4,4'-diiodobiphenyl
(manufactured by Wako Pure Chemical Industries, Ltd.), 163
g of potassium carbonate (manufactured by Wako Pure
Chemical Industries, [.td.), 3.8 g of a copper powder (manu-
factured by Wako Pure Chemical Industries, [.td.), and 600
ml of decalin were loaded and subjected to a reaction at 190°
C. for 4 days.

[0339] Afterthereaction, the resultant was cooled, and then
600 mL of toluene were added to the resultant. The insoluble
portion was taken by filtration. The product taken by filtration
was dissolved in 1.4 L of chloroform, and then the insoluble
portion was removed. After that, the remainder was subjected
to an activated carbon treatment and concentrated. 1 liter of
acetone were added to the resultant, and then 391 g of the
precipitated crystal were taken by filtration.

[0340] The resultant was suspended in 1.5 L. of ethylene
glycol (manufactured by Wako Pure Chemical Industries,
Ltd.) and 15 mL of water, and then 44 g of an 85% aqueous
solution of potassium hydroxide were added to the suspen-
sion. After that, the mixture was subjected to a reaction at
120° C. for 8 hours. After the reaction, the reaction liquid was
injected into 10 L of water, and then the precipitated crystal
was taken by filtration. The crystal was washed with water
and methanol. The resultant crystal was dissolved in 1 L of
tetrahydrofuran under heat. The solution was subjected to an
activated carbon treatment, and was then concentrated.
Acetone was added to the resultant to precipitate a crystal.
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The crystal was taken by filtration. Thus, 140 g of a white
powder were obtained. The powder was identified as Inter-
mediate 1-26 by FD-MS analysis.

Synthesis Example 1-27
Synthesis of Intermediate 1-27

[0341] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that Intermediate
1-9 was used instead of Intermediate 1-6. As aresult, 221 gof
a white powder were obtained. The powder was identified as
Intermediate 1-27 by FD-MS analysis.

Synthesis Example 1-28
Synthesis of Intermediate 1-28

[0342] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except the following.
After 323 g of Intermediate 1-6 had been subjected to a
reaction, 323 g of Intermediate 1-5 were added to the reaction
liquid, and then the mixture was continuously subjected to a
reaction. As a result, 232 g of a white powder were obtained.
The powder was identified as Intermediate 1-28 by FD-MS
analysis.

Synthesis Example 1-29
Synthesis of Intermediate 1-29

[0343] A reaction was performed in the same manner as in
Synthesis Example 1-9 except that 40 g of Intermediate 1-2
were used instead of 4-iodobromobenzene. As aresult,25.4 g
of a white powder were obtained. The powder was identified
as Intermediate 1-29 by FD-MS analysis.

Synthesis Example 1-30
Synthesis of Intermediate 1-30

[0344] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that: acetanilide
was used instead of 1-acetamide; and Intermediate 1-29 was
used instead of Intermediate 1-6. As aresult, 20.5 g of a white
powder were obtained. The powder was identified as Inter-
mediate 1-30 by FD-MS analysis.

Synthesis Example 1-31
Synthesis of Intermediate 1-31

[0345] A reaction was performed in the same manner as in
Synthesis Examples 1-4 and 1-5 except that: Intermediate
1-11 was used instead of Intermediate 1-3; and Intermediate
1-2 was used instead of 4-iodobromobenzene. As a result, 26
g of awhite powder were obtained. The powder was identified
as Intermediate 1-31 by FD-MS analysis.

Synthesis Example 1-32
Synthesis of Intermediate 1-32

[0346] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that: acetanilide
was used instead of 1-acetamide; and Intermediate 1-31 was
used instead of Intermediate 1-6. As aresult, 19.5 g of a white
powder were obtained. The powder was identified as Inter-
mediate 1-32 by FD-MS analysis.
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Synthesis Example 1-33
Synthesis of Intermediate 1-33

[0347] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that: acetanilide
was used instead of 1-acetamide; and Intermediate 1-8 was
used instead of Intermediate 1-6. As aresult, 19.8 g of a white
powder were obtained. The powder was identified as Inter-
mediate 1-33 by FD-MS analysis.

Synthesis Example 1-34
Synthesis of Intermediate 1-34

[0348] A reaction was performed in the same manner as in
Synthesis
[0349] Examples 1-4 and 1-5 except that Intermediate 1-2

was used instead of 4-iodobromobenzene. As a result, 30 g of
a white powder were obtained. The powder was identified as
Intermediate 1-34 by FD-MS analysis.

Synthesis Example 1-35
Synthesis of Intermediate 1-35

[0350] A reaction was performed in the same manner as in
Synthesis Examples 1-15 and 1-16 except that: acetanilide
was used instead of 1-acetamide; and Intermediate 1-34 was
used instead of Intermediate 1-6. As aresult, 23.2 g of a white
powder were obtained. The powder was identified as Inter-
mediate 1-35 by FD-MS analysis.

Synthesis Example 1-36
Synthesis of Intermediate 1-36

[0351] Under an argon atmosphere, 600 mL of dry tetrahy-
drofuran were added to 78.0 g of dibenzofuran, and then the
mixture was cooled to =30° C. 300 milliliters of a solution of
n-butyllithium in hexane (1.65 M) were dropped to the mix-
ture, and then the temperature of the whole was increased to
room temperature over 1 hour while the whole was stirred.
After having been stirred at room temperature for 5 hours, the
resultant was cooled to —60° C., and then 60 mL of 1,2-
dibromoethane were dropped to the resultant over 1 hour.
[0352] Afterhavingbeen stirred at room temperature for 15
hours, the mixture was poured into 1,000 mL. of'ice water, and
then the organic layer was extracted with dichloromethane.
The organic layer was washed with a saturated salt solution,
and was then dried with anhydrous magnesium sulfate. The
dried product was separated by filtration, and was then con-
centrated. The resultant solid was purified by silica gel chro-
matography (toluene), washed with tetrahydrofuran and
methanol, and dried under reduced pressure. As a result, 70 g
of a solid were obtained. The solid was identified as Interme-
diate 1-36 by FD-MS analysis.

Synthesis Example 1-37
Synthesis of Intermediate 1-37

[0353] Under an argon atmosphere, 1,000 mL of toluene
and 500 mL of an aqueous solution of sodium carbonate
having a concentration of 2 M were added to 120.0 g (399
mmol) of 1-bromo-3-fluoro-4-iodobenzene, 72.7 g (479
mmol) of 2-methoxyphenyl boronic acid, and 9.2 g (7.96
mmol) of tetrakis(triphenylphosphine)palladium(0), and then
the mixture was heated while being refluxed for 10 hours.
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[0354] Immediately after the completion of the reaction,
the resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 89.6 g of a white crystal of
4-bromo-2-fluoro-2'-methoxybiphenyl were obtained (in
80% yield).

[0355] Under an argon atmosphere, 900 ml of dichlo-
romethane were added to 89.6 g (319 mmol) of 4-bromo-2-
fluoro-2'-methoxybiphenyl, and then the mixture was stirred
under ice cooling. 95.9 grams (382 mmol) of boron tribro-
mide were added dropwise to the mixture, and then the whole
was stirred at room temperature for 12 hours. After the
completion ofthe reaction, 200 mL of water were added to the
resultant, and then the mixture was stirred for 1 hour. After
that, the aqueous layer was removed. The organic layer was
dried with magnesium sulfate, and was then concentrated.
The residue was purified by silica gel column chromatogra-
phy. Thus, 68.1 g of a white crystal of 4-bromo-2-fluoro-2'-
hydroxybiphenyl were obtained (in 70% yield).

[0356] 1,500 milliliters of N-methylpyrrolidone were
added to 68.1 g (255 mmol) of 4-bromo-2-fluoro-2'-hydroxy-
biphenyl and 70.4 g (510 mmol) of potassium carbonate, and
then the mixture was stirred at 180° C. for 3 hours. After the
completion of the reaction, water was added to the resultant,
and then extract ion with toluene was performed. The organic
layer was dried with sodium sulfate, and was then concen-
trated. The residue was recrystallized from toluene so as to be
purified. Thus, 44.2 g of a white crystal of 3-bromodibenzo-
furan were obtained (in 60% yield). The crystal was identified
as Intermediate 1-37 by FD-MS analysis.

Synthesis Embodiment 1-1
Synthesis of Compound 1-H1

[0357] Ina stream of argon, 5.0 g of Intermediate 1-20, 3.2
g of Intermediate 1-9, 1.3 g of t-butoxy sodium (manufac-
tured by Hiroshima Wako [.td.), 46 mg of tris(dibenzylidene-
acetone)dipalladium(0) (manufactured by Sigma Aldrich
Co.), 21 mg of tri-t-butylphosphine, and 50 mL of dry toluene
were loaded and subjected to a reaction at 80° C. for 8 hours.
[0358] Aftertheresultant had been cooled, 500 mL of water
were added to the resultant, and then the mixture was filtrated
with celite. The filtrate was extracted with toluene, and was
then dried with anhydrous magnesium sulfate. The dried
product was concentrated under reduced pressure. The result-
ant coarse product was subjected to column purification, and
was then recrystallized with toluene. The crystal was taken by
filtration, and was then dried. As a result, 4.4 g of a pale
yellow powder were obtained. The powder was identified as
Compound 1-H1 (Exemplified Compound AD-2 shown
above) by FD-MS analysis.

Synthesis Embodiment 1-2
Synthesis of Compound 1-H2

[0359] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that 4.0 g of Intermediate
1-10 were used instead of Intermediate 1-9. As aresult, 5.6 g
of a pale yellow powder were obtained. The powder was
identified as Compound 1-H2 (Exemplified Compound
AD-14 shown above) by FD-MS analysis.
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Synthesis Embodiment 1-3
Synthesis of Compound 1-H3

[0360] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that 4.9 g of Intermediate
1-21 were used instead of Intermediate 1-20. As a result, 4.4
g of a pale yellow powder were obtained. The powder was
identified as Compound 1-H3 (Exemplified Compound AD-4
shown above) by FD-MS analysis.

Synthesis Embodiment 1-4
Synthesis of Compound 1-H4

[0361] A reaction was performed in the same manner as in
Synthesis Embodiment 1-2 except that 4.9 g of Intermediate
1-21 were used instead of Intermediate 1-20. As a result, 4.8
g of a pale yellow powder were obtained. The powder was
identified as Compound 1-H4 (Exemplified Compound
AD-16 shown above) by FD-MS analysis.

Synthesis Embodiment 1-5
Synthesis of Compound 1-H5]

[0362] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that 5.0 g of Intermediate
1-22 were used instead of Intermediate 1-20. As a result, 5.2
g of a pale yellow powder were obtained. The powder was
identified as Compound 1-H5 (Exemplified Compound
AD-34 shown above) by FD-MS analysis.

Synthesis Embodiment 1-6
Synthesis of Compound 1-H6

[0363] A reaction was performed in the same manner as in
Synthesis Embodiment 1-2 except that 5.0 g of Intermediate
1-22 were used instead of Intermediate 1-20. As a result, 5.6
g of a pale yellow powder were obtained. The powder was
identified as Compound 1-H6 (Exemplified Compound
AD-46 shown above) by FD-MS analysis.

[0364] A synthesis method has been changed in association
with the change of the compound in the example (Intermedi-
ate 22,28)

Synthesis Embodiment 1-7
Synthesis of Compound 1-H7

[0365] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-28 were used instead of Intermediate 1-20; and 4.0 g of
Intermediate 1-12 were used instead of Intermediate 1-9. As
a result, 5.2 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H7 by FD-MS analy-
sis.

Synthesis Embodiment 1-8
Synthesis of Compound 1-HS8

[0366] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.3 g of Intermediate
1-16 were used instead of Intermediate 1-20; and 6.4 g of
Intermediate 1-9 were used. As aresult, 2.2 gofa pale yellow
powder were obtained. The powder was identified as Com-
pound 1-H8 (Exemplified Compound AD-190 shown above)
by FD-MS analysis.
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Synthesis Embodiment 1-9
Synthesis of Compound 1-H9

[0367] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.7 g of Intermediate
1-17 were used instead of Intermediate 1-20; and 6.4 g of
Intermediate 1-9 were used. As aresult, 2.3 gofa pale yellow
powder were obtained. The powder was identified as Com-
pound 1-H9 (Exemplified Compound AD-192 shown above)
by FD-MS analysis.

Synthesis Embodiment 1-10
Synthesis of Compound 1-H10

[0368] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.9 g of Intermediate
1-18 were used instead of Intermediate 1-20; and 6.4 g of
Intermediate 1-9 were used. As a result, 2.4 gof a pale yellow
powder were obtained. The powder was identified as Com-
pound 1-H10 (Exemplified Compound AD-194 shown
above) by FD-MS analysis.

Synthesis Embodiment 1-11
Synthesis of Compound 1-H11

[0369] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.3 g of Intermediate
1-19 were used instead of Intermediate 1-20; and 6.4 g of
Intermediate 1-9 were used. As aresult, 1.9 gofa pale yellow
powder were obtained. The powder was identified as Com-
pound 1-H11 (Exemplified Compound AD-196 shown
above) by FD-MS analysis.

Synthesis Embodiment 1-12
Synthesis of Compound 1-H12

[0370] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that 3.7 g of Intermediate
1-11 were used instead of Intermediate 1-9. As aresult, 4.6 g
of a pale yellow powder were obtained. The powder was
identified as Compound 1-H12 (Exemplified Compound
AD-1 shown above) by FD-MS analysis.

Synthesis Embodiment 1-13
Synthesis of Compound 1-H13

[0371] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-22 were used instead of Intermediate 1-20; and 3.7 g of
Intermediate 1-11 were used instead of Intermediate 1-9. As
a result, 4.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H13 (Exemplified
Compound AD-33 shown above) by FD-MS analysis.

Synthesis Embodiment 1-14
Synthesis of Compound 1-H14

[0372] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-27 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-3 were used instead of Intermediate 1-9. As a
result, 3.8 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H14 (Exemplified
Compound AD-191 shown above) by FD-MS analysis.
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Synthesis Embodiment 1-15
Synthesis of Compound 1-H15

[0373] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.3 g of Intermediate
1-16 were used instead of Intermediate 1-20; and 7.4 g of
Intermediate 1-11 were used instead of Intermediate 1-9. As
a result, 2.6 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H15 (Exemplified
Compound AD-193 shown above) by FD-MS analysis.

Synthesis Embodiment 1-16
Synthesis of Compound 1-H16

[0374] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.3 g of Intermediate
1-19 were used instead of Intermediate 1-20; and 7.4 g of
Intermediate 1-11 were used instead of Intermediate 1-9. As
a result, 2.4 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H16 (Exemplified
Compound AD-24 shown above) by FD-MS analysis.

Synthesis Embodiment 1-17
Synthesis of Compound 1-H17

[0375] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-23 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-3 were used instead of Intermediate 1-9. As a
result, 4.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H17 (Exemplified
Compound AD-195 shown above) by FD-MS analysis.

Synthesis Embodiment 1-18
Synthesis of Compound 1-H18

[0376] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-23 were used instead of Intermediate 1-20; and 4.0 g of
Intermediate 1-13 were used instead of Intermediate 1-9. As
a result, 5.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H18 (Exemplified
Compound AD-120 shown above) by FD-MS analysis.

Synthesis Embodiment 1-19
Synthesis of Compound 1-H19

[0377] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-23 were used instead of Intermediate 1-20; and 3.2 g of
Intermediate 1-14 were used instead of Intermediate 1-9. As
a result, 4.9 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H19 (Exemplified
Compound AD-197 shown above) by FD-MS analysis.

Synthesis Embodiment 1-20
Synthesis of Compound 1-H20

[0378] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that 3.3 g of Intermediate
1-26 were used instead of Intermediate 1-20. As a result, 3.9
g of a pale yellow powder were obtained. The powder was
identified as Compound 1-H20 (Exemplified Compound
AD-129 shown above) by FD-MS analysis.
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Synthesis Embodiment 1-21
Synthesis of Compound 1-H21

[0379] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 1.3 g of Intermediate
1-16 were used instead of Intermediate 1-20; and 13.2 g of
Intermediate 1-24 were used instead of Intermediate 1-9. As
a result, 4.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H21 (Exemplified
Compound AD-151 shown above) by FD-MS analysis.

Synthesis Embodiment 1-22
Synthesis of Compound 1-H22

[0380] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 3.3 g of Intermediate
1-26 were used instead of Intermediate 1-20; and 9.8 g of
Intermediate 1-25 were used instead of Intermediate 1-9. As
a result, 5.6 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H22 (Exemplified
Compound AD-171 shown above) by FD-MS analysis.

Synthesis Embodiment 1-23
Synthesis of Compound 1-H23

[0381] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.0 g of Intermediate
1-23 were used instead of Intermediate 1-20; and 9.8 g of
tris(4-bromophenyl)amine were used instead of Intermediate
1-9. As aresult, 3.8 g of a pale yellow powder were obtained.
The powder was identified as Compound 1-H23 (Exemplified
Compound AD-187 shown above) by FD-MS analysis.

Synthesis Embodiment 1-24
Synthesis of Compound 1-H24

[0382] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that 4.0 g of Intermediate
1-12 were used instead of Intermediate 1-9. As aresult, 5.4 g
of a pale yellow powder were obtained. The powder was
identified as Compound 1-H24 by FD-MS analysis.

Synthesis Embodiment 1-25
Synthesis of Compound 1-H25

[0383] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 4.5 g of Intermediate
1-30 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-36 were used instead of Intermediate 1-9. As
a result, 3.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H25 by FD-MS analy-
sis.

Synthesis Embodiment 1-26
Synthesis of Compound 1-H26

[0384] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 4.5 g of Intermediate
1-30 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-3 were used instead of Intermediate 1-9. As a
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result, 3.5 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H26 by FD-MS analy-
sis.

Synthesis Embodiment 1-27
Synthesis of Compound 1-H27

[0385] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 4.5 g of Intermediate
1-30 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-37 were used instead of Intermediate 1-9. As
a result, 3.9 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H27 by FD-MS analy-
sis.

Synthesis Embodiment 1-28
Synthesis of Compound 1-H28

[0386] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.3 g of Intermediate
1-32 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-37 were used instead of Intermediate 1-9. As
a result, 4.0 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H28 by FD-MS analy-
sis.

Synthesis Embodiment 1-29
Synthesis of Compound 1-H29

[0387] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.3 g of Intermediate
1-32 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-3 were used instead of Intermediate 1-9. As a
result, 3.8 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H29 by FD-MS analy-
sis.

Synthesis Embodiment 1-30
Synthesis of Compound 1-H30

[0388] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 5.3 g of Intermediate
1-32 were used instead of Intermediate 1-20; and 2.5 g of
Intermediate 1-37 were used instead of Intermediate 1-9. As
a result, 4.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H30by FD-MS analy-
sis.

Synthesis Embodiment 1-31
Synthesis of Compound 1-H31

[0389] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 4.5 g of Intermediate
1-33 were used instead of Intermediate 1-20; and 3.7 g of
Intermediate 1-11 were used instead of Intermediate 1-9. As
a result, 4.2 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H31 by FD-MS analy-
sis.

Synthesis Embodiment 1-32

Synthesis of Compound 1-H32

[0390] A reaction was performed in the same manner as in
Synthesis Embodiment 1-1 except that: 4.5 g of Intermediate
1-35 were used instead of Intermediate 1-20; and 3.7 g of
Intermediate 1-11 were used instead of Intermediate 1-9. As
a result, 4.3 g of a pale yellow powder were obtained. The
powder was identified as Compound 1-H32 by FD-MS analy-
sis.
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[0391] The structural formulae of Intermediates 1-1 to 1-37 Embodiments 1-1 to 1-32 each serving as the aromatic amine
synthesized in Synthesis Examples 1-1 to 1-37 described derivative of the present invention, and Comparative Com-
above, Compounds 1-H1 to 1-H32 synthesized in Synthesis pounds 1-1 to 1-6 are as shown below.

[Chem. 60]
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[Chem. 62]
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[Chem. 63]
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[Chem. 64]
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Example 1-1
Production of Organic EL Device

[0392] A glass substrate with an ITO transparent electrode
measuring 25 mm wide by 75 mm long by 1.1 mm thick
(manufactured by GEOMATEC Co., [.td.) was subjected to
ultrasonic cleaning in isopropyl alcohol for 5 minutes. After
that, the substrate was subjected to UV ozone cleaning for 30
minutes.

[0393] The glass substrate with the transparent electrode
line after the cleaning was mounted on a substrate holder of a
vacuum vapor deposition device. First, the following com-
pound H232 was deposited from vapor on the surface on the
side where the transparent electrode line was formed so as to
cover the transparent electrode. Then, the H232 film having a
thickness of 60 nm was formed as the hole injecting layer. The
above-mentioned compound 1-H1 was deposited from vapor
and formed into a hole transporting layer having a thickness
0120 nm on the H232 film. Further, the following compound
EM1 was deposited from vapor and formed into a light emit-
ting layer having a thickness of 40 nm. Simultaneously with
this formation, the following amine compound D1 having a
styryl group, as a light emitting molecule, was deposited from
vapor in such a manner that a weight ratio between the com-
pound EM1 and the amine compound D1 was 40:2.

[0394] The following Alq was formed into a film having a
thickness of 10 nm on the resultant film. The film functions as
an electron injecting layer. After that, Li serving as a reducing
dopant (Li source: manufactured by SAES Getters) and Alq
were subjected to co-vapor deposition. Thus, an Alq:Li film
(having a thickness of 10 nm) was formed as an electron
injecting layer (cathode). Metal

[0395] Al was deposited from vapor onto the Alq:Li film to
form a metal cathode. Thus, an organic EL device was
formed.

[0396] Next, after the resultant organic EL device had been
stored at 105° C. for 8 hours, the luminous efficiency of the
organic EL device was measured, and the luminescent color
of the device was observed. A luminous efficiency at 10
mA/cm? was calculated by measuring a luminance by using a
CS1000 manufactured by Minolta. Further, the half lifetime
of emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured. Table 1 shows the results.

[Chem. 67]
1232

-

'
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-continued

Examples 1-2 to 1-11

Production of Organic EL Device

[0397] Each organic EL device was produced in the same
manner as in Example 1-1 except that the respective com-
pounds shown in Table 1 were used as hole transporting
materials instead of the compound 1-H1.

[0398] The luminous efficiency of the resultant organic EL
device was measured, and the luminescent color of the device
was observed in the same manner as in Example 1-1. Further,
the halflifetime of emitted light in DC constant current driv-
ing at an initial luminance of 5,000 cd/m* and room tempera-
ture was measured. Table 1 shows the results.

Comparative Examples 1-1 to 1-6

[0399] Each organic EL device was produced in the same
manner as in Example 1-1 except that the respective compara-
tive compounds 1-1 to 1-6 were used as hole transporting
materials instead of the compound 1-H1.

[0400] Further, in the same manner as in Example 1-1, the
luminous efficiency of the resultant organic EL device was
measured, the luminescent color of the device was observed,
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and the half lifetime of emitted light in DC constant current
driving at an initial luminance of 5,000 cd/m? and room tem-
perature was measured. Table 1 shows the results.

Example 1-12
Production of Organic EL Device

[0401] An organic EL device was produced in the same
manner as in Example 1-1 except that the following ary-
lamine compound D2 was used instead of the amine com-
pound D1 having a styryl group. Me represents a methyl
group.

[0402] Further, in the same manner as in Example 1-1, the
luminous efficiency of the resultant organic ELL device was
measured, the luminescent color of the device was observed,
and the half lifetime of emitted light in DC constant current
driving at an initial luminance of 5,000 cd/m? and room tem-
perature was measured. Table 1 shows the results.

[Chem. 68]

D2
Me,

() g
O N

Comparative Example 1-7

Z

[0403] An organic EL device was produced in the same
manner as in Example 1-12 except that the above-mentioned
comparative compound 1-4 was used as a hole transporting
material instead of the compound 1-HI1.

[0404] Further, in the same manner as in Example 1-1, the
luminous efficiency of the resultant organic ELL device was
measured, the luminescent color of the device was observed,
and the half lifetime of emitted light in DC constant current
driving at an initial luminance of 5,000 cd/m? and room tem-
perature was measured. Table 1 shows the results.

TABLE 1

Hole Luminous Half

transporting efficiency Luminescent lifetime
Example material (cd/A) color (h)
1-1 1-H1 6.2 Blue 380
1-2 1-H2 6.0 Blue 420
1-3 1-H3 6.1 Blue 390
1-4 1-H4 5.9 Blue 430
1-5 1-H5 6.4 Blue 360
1-6 1-H6 6.3 Blue 410
1-7 1-H7 5.7 Blue 430
1-8 1-H19 5.6 Blue 330
1-9 1-H25 6.4 Blue 370
1-10 1-H26 6.4 Blue 370
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TABLE 1-continued

Hole Luminous Half

transporting efficiency Luminescent lifetime
Example material (cd/A) color (h)
1-11 1-H27 6.4 Blue 370
1-12 1-H1 6.1 Blue 390
Comparative Comparative 3.1 Blue 100
Example 1-1 Compound

1-1
Comparative Comparative 1.5 Blue 120
Example 1-2 Compound

1-2
Comparative Comparative 1.2 Blue 60
Example 1-3 Compound

1-3
Comparative Comparative 3.9 Blue 160
Example 1-4 Compound

1-4
Comparative Comparative 5.2 Blue 150
Example 1-5 Compound

1-5
Comparative Comparative 4.9 Blue 230
Example 1-6 Compound

1-6
Comparative Comparative 4.1 Blue 130
Example 1-7 Compound

1-4
[0405] Asis apparent from the results of Table 1, an organic

EL device using the aromatic amine derivative of the present
invention provides high luminous efficiency even at high
temperatures and has a long half lifetime as compared with an
organic EL. device using an aromatic amine derivative for
comparison.

Synthesis Example 2-1
Synthesis of Intermediate 2-1

[0406] Under an argon stream, to a 1,000-mL three-necked
flask, 47 g of 4-bromobiphenyl, 23 g of iodine, 9.4 g of
periodic acid dihydrate, 42 mL of water, 360 mL of acetic
acid, and 11 mL of sulfuric acid were charged, and the mix-
ture was stirred at 65° C. for 30 minutes and was then sub-
jected to a reaction at 90° C. for 6 hours. The reactant was
poured into ice water, followed by filtering. The resultant was
washed with water, and then washed with methanol, whereby
67 g of a white powder were obtained. Main peaks having
ratios m/z of 358 and 360 with respect to C, ,H;BrI=359 were
obtained by a field desorption mass spectrometry (hereinaf-
ter, FD-MS) analysis, so the white powder was identified as
Intermediate 2-1.

Synthesis Example 2-2
Synthesis of Intermediate 2-2

[0407] A reaction was performed in the same manner as in
Synthesis Example 2-1 except that 2-bromo-9,9-dimeth-
ylfluorene was used instead of 4-bromobiphenyl. As a result,
61 g of a white powder were obtained. The powder was
identified as Intermediate 2-2 by FD-MS analysis because
main peaks having ratios m/z of 398 and 400 were obtained
with respect to C,sH,,BrI=399.

Synthesis Example 2-3
Synthesis of Intermediate 2-3

[0408] 150 grams (892 mmol) of dibenzofuran and 1 L of
acetic acid were loaded into a flask. The air in the flask was
replaced with nitrogen, and then the contents were dissolved
under heat. 188 grams (1.18 mol) of bromine were dropped to
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the solution while the flask was sometimes cooled with water.
After that, the mixture was stirred for 20 hours under air
cooling. The precipitated crystal was separated by filtration,
and was then sequentially washed with acetic acid and water.
The washed crystal was dried under reduced pressure. The
resultant crystal was purified by distillation under reduced
pressure, and was then repeatedly recrystallized with metha-
nol several times. Thus, 66.8 g of 2-bromodibenzofuran were
obtained (in 31% yield). The resultant was identified as Inter-
mediate 2-3 by FD-MS analysis.

Synthesis Example 2-4
Synthesis of Intermediate 2-4

[0409] Under an argon atmosphere, 400 mL of anhydrous
THF were added to 24.7 g (100 mmol) of 2-bromodibenzo-
furan, and then 63 mL (100 mmol) of a solution of n-butyl-
lithium in hexane having a concentration of 1.6 M were added
to the mixture during the stirring of the mixture at —-40° C. The
reaction solution was stirred for 1 hour while being heated to
0° C. The reaction solution was cooled to -78° C. again, and
then a solution 0£26.0 g (250 mmol) of trimethyl borate in 50
mL of dry THF was dropped to the solution. The reaction
solution was stirred at room temperature for 5 hours. 200
milliliters of 1N hydrochloric acid were added to the solution,
and then the mixture was stirred for 1 hour. After that, the
aqueous layer was removed. The organic layer was dried with
magnesium sulfate, and then the solvent was removed by
distillation under reduced pressure. The resultant solid was
washed with toluene. Thus, 15.2 g of dibenzofuran-2-boronic
acid were obtained (in 72% yield). The resultant was identi-
fied as Intermediate 2-4 by FD-MS analysis because a main
peak having a ratio m/z of 212 was obtained with respect to
C,,H,;BO,=212.

Synthesis Example 2-5
Synthesis of Intermediate 2-5

[0410] Under an argon atmosphere, 300 mL of toluene and
150 mL of an aqueous solution of sodium carbonate having a
concentration of 2 M were added to 28.3 g (100 mmol) of
4-iodobromobenzene, 22.3 g (105 mmol) of dibenzofuran-2-
boronic acid (Intermediate 2-4), and 2.31 g (2.00 mmol) of
tetrakis(triphenylphosphine)palladium(0), and then the mix-
ture was heated while being refluxed for 10 hours.

[0411] Immediately after the completion of the reaction,
the resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 26.2 g of a white crystal of
4-(4-bromophenyl)dibenzofuran were obtained (in 81%
yield). The crystal was identified as Intermediate 2-5 by FD-
MS analysis.

Synthesis Example 2-6
Synthesis of Intermediate 2-6

[0412] A reaction was performed in the same manner as in
Synthesis Example 2-5 except that 35.9 g of Intermediate 2-1
were used instead of 4-iodobromobenzene. As aresult, 28.1 g
of a white powder were obtained. The powder was identified
as Intermediate 2-6 by FD-MS analysis.
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Synthesis Example 2-7
Synthesis of Intermediate 2-7

[0413] A reaction was performed in the same manner as in
Synthesis Example 2-5 except that 39.9 g of Intermediate 2-2
were used instead of 4-iodobromobenzene. As aresult, 27.5 g
of'a white powder were obtained. The powder was identified
as Intermediate 2-7 by FD-MS analysis.

Synthesis Example 2-8
Synthesis of Intermediate 2-8

[0414] A reaction was performed in the same manner as in
Synthesis Example 2-5 except that 22.3 g of dibenzofuran-4-
boronic acid were used instead of dibenzofuran-2-boronic
acid. As aresult, 23.1 g of a white powder were obtained. The
powder was identified as Intermediate 2-8 by FD-MS analy-
sis.

Synthesis Example 2-9
Synthesis of Intermediate 2-9

[0415] A reaction was performed in the same manner as in
Synthesis Example 2-8 except that 36 g of Intermediate 2-1
were used instead of 4-iodobromobenzene. As aresult, 28.1 g
of'a white powder were obtained. The powder was identified
as Intermediate 2-9 by FD-MS analysis.

Synthesis Example 2-10
Synthesis of Intermediate 2-10

[0416] A reaction was performed in the same manner as in
Synthesis Example 2-8 except that 40 g of Intermediate 2-2
were used instead of 4-iodobromobenzene. As aresult,30.2 g
of'a white powder were obtained. The powder was identified
as Intermediate 2-10 by FD-MS analysis.

Synthesis Example 2-11
Synthesis of Intermediate 2-11

[0417] Ina stream of argon, 16.8 g of diphenylamine, 36.0
g of Intermediate 2-1, 10 g of t-butoxy sodium (manufactured
by Hiroshima Wako Ltd.), 1.6 g of bis(triphenylphosphine)
palladium(II) chloride (manufactured by TOKYO CHEMI-
CAL INDUSTRY CO., LTD.), and 500 mL of xylene were
loaded and subjected to a reaction at 130° C. for 24 hours.
[0418] After the resultant had been cooled, 1,000 mL of
water were added to the resultant, and then the mixture was
filtrated with celite. The filtrate was extracted with toluene,
and was then dried with anhydrous magnesium sulfate. The
dried product was concentrated under reduced pressure. The
resultant coarse product was subjected to column purifica-
tion, and was then recrystallized with toluene. The crystal was
taken by filtration, and was then dried. As aresult, 12.4 gof a
pale yellow powder were obtained. The powder was identi-
fied as Intermediate 2-11 by FD-MS analysis.

Synthesis Example 2-12
Synthesis of Intermediate 2-12

[0419] A reaction was performed in the same manner as in
Synthesis Example 2-11 except that 4-iodobromobenzene
was used instead of Intermediate 2-1. As a result, 9.3 gofa
white powder were obtained. The powder was identified as
Intermediate 2-12 by FD-MS analysis.
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Synthesis Example 2-13
Synthesis of Intermediate 2-13

[0420] In a stream of argon, 185 g of 1-acetamide (manu-
factured by TOKYO CHEMICAL INDUSTRY CO., LTD.),
323 g of Intermediate 2-8 (manufactured by Wako Pure
Chemical Industries, [.td.), 544 g of potassium carbonate
(manufactured by Wako Pure Chemical Industries, [td.), 12.5
g of a copper powder (manufactured by Wako Pure Chemical
Industries, [.td.), and 2 L of decalin were loaded and sub-
jected to a reaction at 190° C. for 4 days. After the reaction,
the resultant was cooled, and then 2 L of toluene were added
to the resultant. The insoluble portion was taken by filtration.
The product taken by filtration was dissolved in 4.5 L. of
chloroform, and then the insoluble portion was removed.
After that, the remainder was subjected to an activated carbon
treatment and concentrated. 3 liters of acetone were added to
the resultant, and then 181 g of the precipitated crystal were
taken by filtration. The crystal was identified as Intermediate
2-13 by FD-MS analysis.

Synthesis Example 2-14
Synthesis of Intermediate 2-14

[0421] A reaction was performed in the same manner as in
Synthesis Example 2-13 except that the usage of Intermediate
2-8 was changed from 323 g to 678 g. As a result, 330 gofa
white powder were obtained. Further, in a stream of argon, the
resultant white powder was suspended in 5 L. of ethylene
glycol (manufactured by Wako Pure Chemical Industries,
Ltd.) and 50 mL of water, and then 210 g of an 85% aqueous
solution of potassium hydroxide were added to the suspen-
sion. After that, the mixture was subjected to a reaction at
120° C. for 8 hours. After the reaction, the reaction liquid was
injected into 10 L. of water, and then the precipitated crystal
was taken by filtration. The crystal was washed with water
and methanol. The resultant crystal was dissolved in 3 L of
tetrahydrofuran under heat. The solution was subjected to an
activated carbon treatment, and was then concentrated.
Acetone was added to the resultant to precipitate a crystal.
The crystal was taken by filtration. Thus, 198 g of a white
powder were obtained. The powder was identified as Inter-
mediate 2-14 by FD-MS analysis.

Synthesis Example 2-15
Synthesis of Intermediate 2-15

[0422] A reaction was performed in the same manner as in
Synthesis Example 2-14 except that Intermediate 2-5 was
used instead of Intermediate 2-8. As a result, 221 g of a white
powder were obtained. The powder was identified as Inter-
mediate 2-15 by FD-MS analysis.

Synthesis Example 2-16
Synthesis of Intermediate 2-16

[0423] A reaction was performed in the same manner as in
Synthesis Example 2-13 except that: Intermediate 2-13 was
used instead of 1-acetamide; and Intermediate 2-5 was used
instead of Intermediate 2-8. As a result, 190 g of a white
powder were obtained. The powder was identified as Inter-
mediate 2-16 by FD-MS analysis.
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Synthesis Example 2-17
Synthesis of Intermediate 2-17

[0424] A reaction was performed in the same manner as in
Synthesis Example 2-11 except that: Intermediate 2-16 was
used instead of diphenylamine; and 4-iodobromobenzene
was used instead of Intermediate 2-1. As a result, 45 g of a
white powder were obtained. The powder was identified as
Intermediate 2-17 by FD-MS analysis.

Synthesis Example 2-18
Synthesis of Intermediate 2-18

[0425] A reaction was performed in the same manner as in
Synthesis Example 2-11 except that Intermediate 2-16 was
used instead of diphenylamine. As a result, 56 g of a white
powder were obtained. The powder was identified as Inter-
mediate 2-18 by FD-MS analysis.

Synthesis Example 2-19
Synthesis of Intermediate 2-19

[0426] Under an argon atmosphere, 600 mL of dry tetrahy-
drofuran were added to 78.0 g of dibenzofuran, and then the
mixture was cooled to =30° C. 300 milliliters of a solution of
n-butyllithium in hexane (1.65 M) were dropped to the mix-
ture, and then the temperature of the whole was increased to
room temperature over 1 hour while the whole was stirred.
After having been stirred at room temperature for 5 hours, the
resultant was cooled to —60° C., and then 60 mL of 1,2-
dibromoethane were dropped to the resultant over 1 hour.
[0427] Afterhaving been stirred at room temperature for 15
hours, the mixture was poured into 1,000 mL. of'ice water, and
then the organic layer was extracted with dichloromethane.
The organic layer was washed with a saturated salt solution,
and was then dried with anhydrous magnesium sulfate. The
dried product was separated by filtration, and was then con-
centrated. The resultant solid was purified by silica gel chro-
matography (toluene), washed with tetrahydrofuran and
methanol, and dried under reduced pressure. As a result, 70 g
of a solid were obtained. The solid was identified as Interme-
diate 2-19 by FD-MS analysis.

Synthesis Example 2-20
Synthesis of Intermediate 2-20

[0428] Under an argon atmosphere, 1,000 mL of toluene
and 500 mL of an aqueous solution of sodium carbonate
having a concentration of 2M were added to 120.0 g (399
mmol) of 1-bromo-3-fluoro-4-iodobenzene, 72.7 g (479
mmol) of 2-methoxyphenyl boronic acid, and 9.2 g (7.96
mmol) of tetrakis(triphenylphosphine)palladium(0), and then
the mixture was heated while being refluxed for 10 hours.
[0429] Immediately after the completion of the reaction,
the resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 89.6 g of a white crystal of
4-bromo-2-fluoro-2'-methoxybiphenyl were obtained (in
80% yield).

[0430] Under an argon atmosphere, 900 ml of dichlo-
romethane were added to 89.6 g (319 mmol) of 4-bromo-2-
fluoro-2'-methoxybiphenyl, and then the mixture was stirred
under ice cooling. 95.9 g (382 mmol) of boron tribromide
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were added dropwise to the mixture, and then the whole was
stirred at room temperature for 12 hours. After the completion
of the reaction, 200 mL of water were added to the resultant,
and then the mixture was stirred for 1 hour. After that, the
aqueous layer was removed. The organic layer was dried with
magnesium sulfate, and was then concentrated. The residue
was purified by silica gel column chromatography. Thus, 68.1
g of a white crystal of 4-bromo-2-fluoro-2'-hydroxybiphenyl
were obtained (in 70% yield).

[0431] 1,500 milliliters of N-methylpyrrolidone were
added to 68.1 g (255 mmol) of 4-bromo-2-fluoro-2'-hydroxy-
biphenyl and 70.4 g (510 mmol) of potassium carbonate, and
then the mixture was stirred at 180° C. for 3 hours. After the
completion of the reaction, water was added to the resultant,
and then extract ion with toluene was performed. The organic
layer was dried with sodium sulfate, and was then concen-
trated. The residue was recrystallized from toluene so as to be
purified. Thus, 44.2 g of a white crystal were obtained (in 60%
yield). The crystal was identified as Intermediate 2-20 by
FD-MS analysis.

Synthesis Example 2-21
Synthesis of Intermediate 2-21

[0432] Under an argon atmosphere, 350 mL of toluene and
170 mL of an aqueous solution of sodium carbonate having a
concentration of 2 M were added to 34.2 g (138 mmol) of
Intermediate 2-20, 26.0 g (166 mmol) of 4-chlorophenyl
boronic acid, and 3.2 g (2.77 mmol) of tetrakis(triph-
enylphosphine)palladium(0), and then the mixture was
heated while being refluxed for 12 hours.

[0433] Immediately after the completion of the reaction,
the resultant was filtrated, and then the aqueous layer was
removed. The organic layer was dried with sodium sulfate,
and was then concentrated. The residue was purified by silica
gel column chromatography. Thus, 23.1 g of a white crystal
were obtained (in 60% yield). The crystal was identified as
Intermediate 2-21 by FD-MS analysis.

Synthesis Example 2-22
Synthesis of Intermediate 2-22

[0434] A reaction was performed in the same manner as in
Synthesis Example 2-14 except that Intermediate 2-21 was
used instead of Intermediate 2-8. As a result, 35 g of a white
powder were obtained. The powder was identified as Inter-
mediate 2-22 by FD-MS analysis.

Synthesis Embodiment 2-1
Synthesis of Compound 2-H1

[0435] Ina stream of argon, 5.0 g of Intermediate 2-14,3.2
g of Intermediate 2-5, 1.3 g of t-butoxy sodium (manufac-
tured by Hiroshima Wako [.td.), 46 mg of tris(dibenzylidene-
acetone)dipalladium(0) (manufactured by Sigma Aldrich
Co.), 21 mg of tri-t-butylphosphine, and 50 mL of dry toluene
were loaded and subjected to a reaction at 80° C. for 8 hours.
[0436] After the resultant had been cooled, 500 mL of water
were added to the resultant, and then the mixture was filtrated
with celite. The filtrate was extracted with toluene, and was
then dried with anhydrous magnesium sulfate. The dried
product was concentrated under reduced pressure. The result-
ant coarse product was subjected to column purification, and
was then recrystallized with toluene. The crystal was taken by
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filtration, and was then dried. As a result, 4.3 g of a pale
yellow powder were obtained. The powder was identified as
Intermediate 2-H1 by FD-MS analysis.

Synthesis Embodiment 2-2
Synthesis of Compound 2-H2

[0437] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that 4.0 g of Intermediate
2-6 were used instead of Intermediate 2-5. As aresult, 5.3 gof
a pale yellow powder were obtained. The powder was iden-
tified as Compound 2-H2 by FD-MS analysis.

Synthesis Embodiment 2-3
Synthesis of Compound 2-H3

[0438] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that 4.9 g of Intermediate
2-7 were used instead of Intermediate 2-5. As aresult, 4.4 g of
a pale yellow powder were obtained. The powder was iden-
tified as Compound 2-H3 by FD-MS analysis.

Synthesis Embodiment 2-4
Synthesis of Compound 2-H4

[0439] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-15 were used instead of Intermediate 2-14; and 3.2 g of
Intermediate 2-8 were used instead of Intermediate 2-5. As a
result, 3.8 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H4 by FD-MS analy-
sis.

Synthesis Embodiment 2-5
Synthesis of Compound 2-HS

[0440] A reaction was performed in the same manner as in
Synthesis Embodiment 2-4 except that 4.0 g of Intermediate
2-9 were used instead of Intermediate 2-8. As aresult, 4.2 gof
a pale yellow powder were obtained. The powder was iden-
tified as Compound 2-HS5 by FD-MS analysis.

Synthesis Embodiment 2-6
Synthesis of Compound 2-H6

[0441] A reaction was performed in the same manner as in
Synthesis Embodiment 2-4 except that 4.4 g of Intermediate
2-10 were used instead of Intermediate 2-8. As aresult, 5.1 g
of a pale yellow powder were obtained. The powder was
identified as Compound 2-H6 by FD-MS analysis.

Synthesis Embodiment 2-7
Synthesis of Compound 2-H7

[0442] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that 4.0 g of Intermediate
2-9 were used instead of Intermediate 2-5. As aresult, 4.5 gof
a pale yellow powder were obtained. The powder was iden-
tified as Compound 2-H7 by FD-MS analysis.

Synthesis Embodiment 2-8
Synthesis of Compound 2-HS8

[0443] A reaction was performed in the same manner as in
Synthesis Embodiment 2-4 except that 4.0 g of Intermediate
2-6 were used instead of Intermediate 2-8. As aresult, 4.2 gof
a pale yellow powder were obtained. The powder was iden-
tified as Compound 2-H8 by FD-MS analysis.
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Synthesis Embodiment 2-9
Synthesis of Compound 2-H9

[0444] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-16 were used instead of Intermediate 2-14; and 3.2 g of
Intermediate 2-12 were used instead of Intermediate 2-5. As
a result, 3.8 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H9 by FD-MS analy-
sis.

Synthesis Embodiment 2-10
Synthesis of Compound 2-H10

[0445] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 1.9 g of Intermediate
2-16 were used instead of Intermediate 2-14; and 4.0 g of
Intermediate 2-11 were used instead of Intermediate 2-5. As
a result, 4.5 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H10 by FD-MS analy-
sis.

Synthesis Embodiment 2-11
Synthesis of Compound 2-H11

[0446] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-16 were used instead of Intermediate 2-14; and 1.6 g of
4.4'-dibromobiphenyl were used instead of Intermediate 2-5.
As aresult, 2.8 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H11 by FD-MS analy-
sis.

Synthesis Embodiment 2-12
Synthesis of Compound 2-H12

[0447] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 0.4 g of aniline was
used instead of Intermediate 2-14; and 7.3 g of Intermediate
2-18 were used instead of Intermediate 2-5. As aresult, 2.1 g
of a pale yellow powder were obtained. The powder was
identified as Compound 2-H12 by FD-MS analysis.

Synthesis Embodiment 2-13
Synthesis of Compound 2-H13

[0448] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 0.9 g of N,N'-diphe-
nylbenzidine was used instead of Intermediate 2-14; and 6.6
g of Intermediate 2-17 were used instead of Intermediate 2-5.
As aresult, 2.4 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H13 by FD-MS analy-
sis.

Synthesis Embodiment 2-14

Synthesis of Compound 2-H14

[0449] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-16 were used instead of Intermediate 2-14; and 1.6 g of
tris(4-bromophenyl)amine were used instead of Intermediate
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2-5. As aresult, 1.8 g of a pale yellow powder were obtained.
The powder was identified as Compound 2-H14 by FD-MS
analysis.

Synthesis Embodiment 2-15
Synthesis of Compound 2-H15

[0450] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-16 were used instead of Intermediate 2-14; and 3.0 g of
4-bromo-p-terphenyl were used instead of Intermediate 2-5.
As aresult, 3.5 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H15 by FD-MS analy-
sis.

Synthesis Embodiment 2-16
Synthesis of Compound 2-H16

[0451] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that 2.5 g of Intermediate
2-3 were used instead of Intermediate 2-5. As aresult, 4.1 gof
a pale yellow powder were obtained. The powder was iden-
tified as Compound 2-H16 by FD-MS analysis.

Synthesis Embodiment 2-17
Synthesis of Compound 2-H17

[0452] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that 2.5 g of Intermediate
2-20 were used instead of Intermediate 2-5. As a result, 3.9 g
of a pale yellow powder were obtained. The powder was
identified as Compound 2-H17 by FD-MS analysis.

Synthesis Embodiment 2-18
Synthesis of Compound 2-H18

[0453] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-15 were used instead of Intermediate 2-14; and 2.5 g of
Intermediate 2-19 were used instead of Intermediate 2-5. As
a result, 3.8 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H18 by FD-MS analy-
sis.

Synthesis Embodiment 2-19
Synthesis of Compound 2-H19

[0454] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-15 were used instead of Intermediate 2-14; and 2.5 g of
Intermediate 2-20 were used instead of Intermediate 2-5. As
a result, 3.6 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H19 by FD-MS analy-
sis.

Synthesis Embodiment 2-20
Synthesis of Compound 2-H20

[0455] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate
2-22 were used instead of Intermediate 2-14; and 2.5 g of
Intermediate 2-19 were used instead of Intermediate 2-5. As
a result, 4.0 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H20 by FD-MS analy-
sis.
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Synthesis Embodiment 2-21
Synthesis of Compound 2-H21
[0456] A reaction was performed in the same manner as in
Synthesis Embodiment 2-1 except that: 5.0 g of Intermediate

2-22 were used instead of Intermediate 2-14; and 2.5 g of
Intermediate 2-3 were used instead of Intermediate 2-5. As a

[Chem. 69]
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result, 4.1 g of a pale yellow powder were obtained. The
powder was identified as Compound 2-H21 by FD-MS analy-
sis.

[0457] The structural formulae of Intermediates 2-1 to 2-22
synthesized in Synthesis Examples 2-1 to 2-22 described
above, Compounds 2-H1 to 2-H21 synthesized in Synthesis
Embodiments 2-1 to 2-21 each serving as the aromatic amine
derivative of the present invention, and Comparative Com-
pounds 2-1 to 2-7 are as shown below.
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-continued

Comparative compound 2-5

Example 2-1
Production of Organic EL Device

[0458] A glass substrate with an ITO transparent electrode
measuring 25 mm wide by 75 mm long by 1.1 mm thick
(manufactured by GEOMATEC Co., [.td.) was subjected to
ultrasonic cleaning in isopropyl alcohol for 5 minutes. After
that, the substrate was subjected to UV ozone cleaning for 30
minutes.

[0459] The glass substrate with the transparent electrode
line after the cleaning was mounted on a substrate holder of a
vacuum vapor deposition device. First, the following com-
pound H232 was deposited from vapor on the surface on the
side where the transparent electrode line was formed so as to
cover the transparent electrode. Then, the H232 film having a
thickness of 60 nm was formed as the hole injecting layer. The
above-mentioned compound 2-H1 was deposited from vapor
and formed into a hole transporting layer having a thickness
0120 nm on the H232 film. Further, the following compound
EM1 was deposited from vapor and formed into a light emit-
ting layer having a thickness of 40 nm. Simultaneously with

Comparative compound 2-6

Comparative compound 2-7

this formation, the following amine compound D1 having a
styryl group, as a light emitting molecule, was deposited from
vapor in such a manner that a weight ratio between the com-
pound EM1 and the amine compound D1 was 40:2.

[0460] The following Alq was formed into a film having a
thickness of 10 nm on the resultant film. The film functions as
an electron injecting layer. After that, Li serving as a reducing
dopant (Li source: manufactured by SAES Getters) and Alq
were subjected to co-vapor deposition. Thus, an Alq:Li film
(having a thickness of 10 nm) was formed as an electron
injecting layer (cathode). Metal Al was deposited from vapor
onto the Alq:Li film to form a metal cathode. Thus, an organic
EL device was formed.

[0461] Next, after the resultant organic EL. device had been
stored at 105° C. for 8 hours, the luminous efficiency of the
organic EL device was measured, and the luminescent color
of the device was observed. A luminous efficiency at 10
mA/cm? was calculated by measuring a luminance by using a
CS1000 manufactured by Minolta. Further, the half lifetime
of emitted light in DC constant current driving at an initial
luminance of 5,000 cd/m* and room temperature was mea-
sured. Table 2-1 shows the results.
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H232

Examples 2-2 to 2-8
Production of Organic EL Device

[0462] Each organic EL device was produced in the same
manner as in Example 2-1 except that the respective com-
pounds shown in Table 2 were used as hole transporting
materials instead of the compound 2-H1.

Nov. 17,2011

[0463] Inthe same manner as in Example 2-1, the luminous
efficiency of the resultant organic ELL device was measured,
the luminescent color of the device was observed, and the half
lifetime of emitted light in DC constant current driving at an
initial luminance of 5,000 cd/m* and room temperature was
measured. Table 2 shows the results.

Comparative Examples 2-1 to 2-7

[0464] Each organic EL device was produced in the same
manner as in Example 2-1 except that the respective compara-
tive compounds 2-1 to 2-7 were used as hole transporting
materials instead of the compound 2-H1.

[0465] Further, in the same manner as in Example 2-1, the
luminous efficiency of the resultant organic EL device was
measured, the luminescent color of the device was observed,
and the half lifetime of emitted light in DC constant current
driving at an initial luminance of 5,000 cd/m? and room tem-
perature was measured. Table 2 shows the results.

Example 2-9
Production of Organic EL Device

[0466] An organic EL. device was produced in the same
manner as in Example 2-1 except that the following ary-
lamine compound D2 was used instead of the amine com-
pound D1 having a styryl group. Me represents a methyl
group.

[0467] Inaddition, in the same manner as in Example 2-1,
the luminous efficiency of the resultant organic EL device
was measured, the luminescent color of the device was
observed, and the half lifetime of emitted light in DC constant
current driving at an initial luminance of 5,000 cd/m* and
room temperature was measured. Table 2 shows the results.

[Chem. 75]
D2

() g
N '
O N

Comparative Example 2-8

[0468] An organic EL. device was produced in the same
manner as in Example 2-9 except that the above-mentioned
comparative compound 2-1 was used as a hole transporting
material instead of the compound 2-H1.

[0469] Further, in the same manner as in Example 2-1, the
luminous efficiency of the resultant organic EL device was
measured, the luminescent color of the device was observed,
and the half lifetime of emitted light in DC constant current
driving at an initial luminance of 5,000 cd/m? and room tem-
perature was measured. Table 2-1 shows the results.
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TABLE 2

Hole Luminous Half

transporting efficiency Luminescent lifetime
Example material (cd/A) color (h)
2-1 2-H1 6.0 Blue 430
2-2 2-H2 5.9 Blue 420
2-3 2-H4 6.3 Blue 390
2-4 2-H5 6.2 Blue 370
2-5 2-H7 6.1 Blue 350
2-6 2-H8 6.2 Blue 320
2-7 2-H10 5.8 Blue 310
2-8 2-H15 6.1 Blue 410
2-9 2-H1 6.0 Blue 420
Comparative Comparative 3.1 Blue 100
Example 2-1 Compound

2-1
Comparative Comparative 1.5 Blue 120
Example 2-2 Compound

2-2
Comparative Comparative 1.2 Blue 60
Example 2-3 Compound

2-3
Comparative Comparative 4.2 Blue 140
Example 2-4 Compound

2-4
Comparative Comparative 4.6 Blue 150
Example 2-5 Compound

2-5
Comparative Comparative 5.1 Blue 210
Example 2-6 Compound

2-6
Comparative Comparative 5.6 Blue 250
Example 2-7 Compound

2-7
Comparative Comparative 32 Blue 120
Example 2-8 Compound

2-1
[0470] Asis apparent from the results of Table 2, an organic

EL device using the aromatic amine derivative of the present
invention provides high luminous efficiency even at high
temperatures and has a long halflifetime as compared with an
organic EL. device using an aromatic amine derivative for
comparison.

INDUSTRIAL APPLICABILITY

[0471] As described above in detail, the molecules of the
aromatic amine derivative of the present invention hardly
crystallize, and the incorporation of the derivative into an
organic thin film layer improves a yield upon production of an
organic ELL device and can realize an organic EL. device
having high efficiency and a long lifetime. Accordingly, the
derivative is extremely useful as a material for an organic ELL
device having high practicality.

1. An aromatic amine derivative, comprising at least one
substituent A represented by the following general formula
(1) and at least one substituent B represented by the following
general formula (2) or (3) in a molecule thereof, wherein:

the substituent A and the substituent B comprise groups

different from each other; and

the substituent A and the substituent B are bonded to the

same nitrogen atom, or different nitrogen atoms, in the
molecule:
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where:

L' and L? each independently represent a single bond, or a
substituted or unsubstituted arylene group having 6 to 50
ring carbon atoms, and L* represents a substituted or
unsubstituted arylene group having 6 to 50 ring carbon
atoms, provided that a substituent which any one of L' to
L? may have comprises a linear or branched alkyl group
having 1 to 10 carbon atoms, a cycloalkyl group having
3 to 10 ring carbon atoms, a trialkylsilyl group having 3
to 10 carbon atoms, a triarylsilyl group having 18 to 30
ring carbon atoms, an alkylarylsilyl group having 8 to 15
carbon atoms whose aryl portion has 6 to 14 ring carbon
atoms, an aryl group having 6 to 14 ring carbon atoms, a
halogen atom, or a cyano group;

X represents an oxygen atom or a —N(Ar')— group;

Ar' represents a substituted or unsubstituted aryl group
having 6 to 14 ring carbon atoms, and a substituent
which Ar' may have comprises a linear or branched alkyl
group having 1 to 10 carbon atoms, a cycloalkyl group
having 3 to 10 ring carbon atoms, a trialkylsilyl group
having 3 to 10 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, an alkylarylsilyl group hav-
ing 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 14 ring
carbon atoms, a halogen atom, or a cyano group;

a, ¢, e, and f each independently represent an integer of O to

b and d each independently represent an integer of 0 to 3;
and

R! to R® each independently represent a linear or branched
alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 10 ring carbon atoms, a trialkylsilyl
group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl
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group having 8 to 15 carbon atoms whose aryl portion
has 6 to 14 ring carbon atoms, an aryl group having 6 to
14 ring carbon atoms, a halogen atom, or a cyano group,
and a plurality of R*’s to R%’s adjacent to each other may
be bonded to each other to form a saturated or unsatur-
ated, divalent group that forms a ring,

provided that hydrogen atoms in the aromatic amine

derivative include deuterium atoms.

2. The aromatic amine derivative according to claim 1,
wherein when the X in the general formula (2) represents a
—N(Ar")— group, the L? is represented by the following
general formula (4):

[Chem. 2]
/\ @
\/\) Z \
®7), ®®),
where:

R7 and R® each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a
trialkylsilyl group having 3 to 10 carbon atoms, a triar-
ylsilyl group having 18 to 30 ring carbon atoms, an
alkylarylsilyl group having 8 to 15 carbon atoms whose
aryl portion has 6 to 14 ring carbon atoms, an aryl group
having 6 to 16 ring carbon atoms, a halogen atom, or a
cyano group, and a plurality of R”’s and R®’s adjacent to
each other may be bonded to each other to form a satu-
rated or unsaturated ring; and
g and h each independently represent an integer of 0 to 4.
3. The aromatic amine derivative according to claim 1,
wherein the substituent B is represented by the general for-
mula (3).

4. The aromatic amine derivative according to claim 1,
wherein the L? in the general formula (3) is represented by the
following general formula (4):

[Chem. 3]
/\ @
\/\) / /
®7), ®®),
where:

R7 and R® each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a
trialkylsilyl group having 3 to 10 carbon atoms, a triar-
ylsilyl group having 18 to 30 ring carbon atoms, an
alkylarylsilyl group having 8 to 15 carbon atoms whose
aryl portion has 6 to 14 ring carbon atoms, an aryl group
having 6 to 16 ring carbon atoms, a halogen atom, or a
cyano group, and a plurality of R”’s and R®’s adjacent to
each other may be bonded to each other to form a satu-
rated or unsaturated ring; and

g and h each independently represent an integer of 0 to 4.
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5. The aromatic amine derivative according to claim 1,
wherein the substituent A is represented by the following
general formula (1) and the substituent B is represented by the
following general formula (2-1) or (3):

[Chem. 4]
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where:

L' and L? each independently represent a single bond, or a
substituted or unsubstituted arylene group having 6 to 50
ring carbon atoms, and L* represents a substituted or
unsubstituted arylene group having 6 to 50 ring carbon
atoms, provided that a substituent which any one of L' to
L? may have comprises a linear or branched alkyl group
having 1 to 10 carbon atoms, a cycloalkyl group having
3 to 10 ring carbon atoms, a trialkylsilyl group having 3
to 10 carbon atoms, a triarylsilyl group having 18 to 30
ring carbon atoms, an alkylarylsilyl group having 8 to 15
carbon atoms whose aryl portion has 6 to 14 ring carbon
atoms, an aryl group having 6 to 14 ring carbon atoms, a
halogen atom, or a cyano group;

Ar' represents a substituted or unsubstituted aryl group
having 6 to 14 ring carbon atoms, and a substituent
which Ar' may have comprises a linear or branched alkyl
group having 1 to 10 carbon atoms, a cycloalkyl group
having 3 to 10 ring carbon atoms, a trialkylsilyl group
having 3 to 10 carbon atoms, a triarylsilyl group having
18 to 30 ring carbon atoms, an alkylarylsilyl group hav-
ing 8 to 15 carbon atoms whose aryl portion has 6 to 14
ring carbon atoms, an aryl group having 6 to 14 ring
carbon atoms, a halogen atom, or a cyano group;

a, ¢, e, and f each independently represent an integer of O to
4

b and d each independently represent an integer of 0 to 3;
and
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R* to R® each independently represent a linear or branched
alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 10 ring carbon atoms, a trialkylsilyl
group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl
group having 8 to 15 carbon atoms whose aryl portion
has 6 to 14 ring carbon atoms, an aryl group having 6 to
14 ring carbon atoms, a halogen atom, or a cyano group,
and a plurality of R'’s to R%’s adjacent to each other may
be bonded to each other to form a saturated or unsatur-
ated, divalent group that forms a ring.

6. The aromatic amine derivative according to claim 5,

wherein the substituent A is represented by the following
general formula (1-1) or (1-2).

[Chem. 5]
(R -
O Z |
/ \ N Ll/
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7. The aromatic amine derivative according to claim 1,
wherein the substituent A and the substituent B are each
independently represented by the following general formula

(D)

[Chem. 6]
(6]
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where:

L' represents a single bond, or a substituted or unsubsti-
tuted arylene group having 6 to 50 ring carbon atoms,
and a substituent which L' may have comprises a linear
or branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a
trialkylsilyl group having 3 to 10 carbon atoms, a triar-
ylsilyl group having 18 to 30 ring carbon atoms, an
alkylarylsilyl group having 8 to 15 carbon atoms whose
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aryl portion has 6 to 14 ring carbon atoms, an aryl group
having 6 to 14 ring carbon atoms, a halogen atom, or a
cyano group;
a represents an integer of 0 to 4;
b represents an integer of 0 to 3; and
R! and R? each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 10 ring carbon atoms, a
trialkylsilyl group having 3 to 10 carbon atoms, a triar-
ylsilyl group having 18 to 30 ring carbon atoms, an
alkylarylsilyl group having 8 to 15 carbon atoms whose
aryl portion has 6 to 14 ring carbon atoms, an aryl group
having 6 to 14 ring carbon atoms, a halogen atom, or a
cyano group, and a plurality of R*’s and R*’s adjacent to
each other may be bonded to each other to form a satu-
rated or unsaturated, divalent group that forms a ring.
8. The aromatic amine derivative according to claim 7,
wherein the substituent A and the substituent B are each
independently represented by any one of the following gen-
eral formulae (1-1) to (1-3).

[Chem. 7]
(1-1
(R?),
O / |
/I NN -
<R1>a/ =
1 (1-2)
(RN)an ==
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9. The aromatic amine derivative according to claim 8,
wherein the substituent A is represented by the general for-
mula (1-1) and the substituent B is represented by the general
formula (1-2).

10. The aromatic amine derivative according to claim 1,
further comprising at least one terphenyl group.

11. The aromatic amine derivative according to claim 1,
wherein the aromatic amine derivative is represented by any
one of the following general formulae (5) to (9):

[Chem. 8]
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-continued
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where:

at least one of Ar? to Ar* represents the substituent A rep-
resented by the general formula (1), at least one of Ar* to
Ar* represents the substituent B represented by the gen-
eral formula (2) or (3), and the substituent A and the
substituent B comprise groups different from each other;

at least one of Ar° to Ar® represents the substituent A rep-
resented by the general formula (1), at least one of Ar” to
Ar® represents the substituent B represented by the gen-
eral formula (2) or (3), and the substituent A and the
substituent B comprise groups different from each other;

at least one of Ar’® to Ar'® represents the substituent A
represented by the general formula (1), at least one of
Ar® to Ar'? represents the substituent B represented by
the general formula (2) or (3), and the substituent A and
the substituent B comprise groups different from each
other;

at least one of Ar'* to Ar'® represents the substituent A
represented by the general formula (1), at least one of
Ar'* to Ar'® represents the substituent B represented by
the general formula (2) or (3), and the substituent A and
the substituent B comprise groups different from each
other;

at least one of Ar*® to Ar*® represents the substituent A
represented by the general formula (1), at least one of
Ar*° to Ar*’ represents the substituent B represented by
the general formula (2) or (3), and the substituent A and
the substituent B comprise groups different from each
other;

groups out of Ar® to Ar*> except the substituent A and the
substituent B each independently comprise a substituted
or unsubstituted aryl group having 6 to 50 ring carbon
atoms;
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L* to L'? each independently represent a substituted or
unsubstituted arylene group having 6 to 50 ring carbon
atoms; and

substituents which Ar” to Ar*® and L* to L'* may have each
independently comprise a linear or branched alkyl group
having 1 to 10 carbon atoms, a cycloalkyl group having
3 to 10 ring carbon atoms, a trialkylsilyl group having 3
to 10 carbon atoms, a triarylsilyl group having 18 to 30
ring carbon atoms, an alkylarylsilyl group having 8 to 15
carbon atoms whose aryl portion has 6 to 14 ring carbon
atoms, an aryl group having 6 to 14 ring carbon atoms, a
halogen atom, or a cyano group.

12. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative is represented by the
general formula (5).

13. The aromatic amine derivative according to claim 11,
wherein the L' to L'? each independently represent a phe-
nylene group, a naphthylene group, a biphenylene group, a
terphenylene group, a fluorenylene group, or a 9,9-dimeth-
ylfluorenylene group.

14. The aromatic amine derivative according to any one of
claim 11, wherein the L' to L'? are each independently rep-
resented by any one of the following general formulae (4),
(10), and (11):

[Chem. 9]
()]
Y >
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R Ry
where:

R”toR'! eachindependently represent a linear or branched
alkyl group having 1 to 10 carbon atoms, a cycloalkyl
group having 3 to 10 ring carbon atoms, a trialkylsilyl
group having 3 to 10 carbon atoms, a triarylsilyl group
having 18 to 30 ring carbon atoms, an alkylarylsilyl
group having 8 to 15 carbon atoms whose aryl portion
has 6 to 14 ring carbon atoms, an aryl group having 6 to
16 ring carbon atoms, a halogen atom, or a cyano group,
and a plurality of R”’s to R*!’s adjacent to each other
may be bonded to each other to form a saturated or
unsaturated ring;

R'? and R'? each independently represent a linear or
branched alkyl group having 1 to 10 carbon atoms, or a
cycloalkyl group having 3 to 10 ring carbon atoms;

g, h, and i each independently represent an integer of 0 to 4;
and

j and k each independently represent an integer of 0 to 3.
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15. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

the Ar? is represented by the general formula (1), and

the Ar® and the Ar* are each independently represented by

the general formula (3) or (2-1).

16. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

the Ar* and the Ar® are each represented by the general

formula (1), and

the Ar* is represented by the general formula (3) or (2-1).

17. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

the Ar? is represented by the general formula (1),

the Ar® is represented by the general formula (3) or (2-1),

and

the Ar* represents a substituted or unsubstituted aryl group

having 6 to 50 ring carbon atoms, provided that substitu-
ents of the Ar* each independently comprise any one of
an aryl group having 6 to 50 ring carbon atoms, a
branched or linear alkyl group having 1 to 50 carbon
atoms, a halogen atom, and a cyano group.

18. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (6) in
which

the Ar® and the Ar® are each represented by the general

formula (1), and

the Ar” and the Ar® are each independently represented by

the general formula (3) or (2-1).

19. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (6) in
which

the Ar’ and the Ar’ are each represented by the general

formula (1), and

the Ar® and the Ar® are each independently represented by

the general formula (3) or (2-1).

20. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (7) in
which

the Ar® is represented by the general formula (1), and

the Ar'' and the Ar'? are each independently represented

by the general formula (3) or (2-1).

21. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (7) in
which

the Ar'! and the Ar'? are each represented by the general

formula (1), and

the Ar® is represented by the general formula (3) or (2-1).

22. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (8) in
which

the Ar'* and the Ar'® are each represented by the general

formula (1), and

the Ar'® and the Ar'” are each independently represented

by the general formula (3) or (1).
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23. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (8) in
which

the Ar'S and the Ar'! are each represented by the general

formula (1), and

the Ar'* and the Ar'® are each independently represented

by the general formula (3) or (2-1).

24. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (9) in
which

the Ar*°, the Ar*?, and the Ar** are each represented by the

general formula (1), and

the Ar*’, the Ar*®, and the Ar*® are each independently

represented by the general formula (3) or (2-1).

25. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which the Ar® to Ar* are each represented by the general
formula (1-2).

26. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which the Ar* to Ar* are each represented by the general
formula (1-1).

27. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

two of the Ar® to Ar* are each represented by the general

formula (1-2), and

one of the Ar to Ar* represents a substituted or unsubsti-

tuted aryl group haring 6 to 16 ring carbon atoms.

28. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

two of the Ar® to Ar* are each represented by the general

formula (1-1), and

one of the Ar* to Ar* represents a substituted or unsubsti-

tuted aryl group having 6 to 16 ring carbon atoms.

29. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

at least one of the Ar* to Ar* is represented by the general

formula (1-2), and

at least one of the Ar” to Ar* is represented by the general

formula (1-1).

30. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

the Ar? is represented by the general formula (1-2), and

the Ar® and the Ar* are each independently represented by

the general formula (1-1).

31. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which

the Ar* and the Ar® are each represented by the general

formula (1-3), and

the Ar* is represented by the general formula (1-1).
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32. The aromatic amine derivative according to claim 11,
wherein at least two of the Ar® to Ar® are each, at least two of
the Ar® to Ar'? are each, at least one of the Ar'* to Ar'? is, or
at least one of the Ar*® to Ar*® is represented by the general
formula (1-2) or (1-1).

33. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises any one of

an aromatic amine derivative represented by the general

formula (6) in which

atleast one of the Ar” to Ar®is represented by the general
formula (1-2) and

at least one of the Ar’ to Ar® except the at least one
represented by the general formula (1-2) is repre-
sented by the general formula (1-1),

an aromatic amine derivative represented by the general

formula (7) in which

at least one of the Ar’ to Ar'® is represented by the
general formula (1-2) and

at least one of the Ar’ to Ar*® except the at least one
represented by the general formula (1-2) is repre-
sented by the general formula (1-1),

an aromatic amine derivative represented by the general

formula (8) in which

at least one of the Ar'* to Ar'® is represented by the
general formula (1-2) and

at least one of the Ar'* to Ar'® except the at least one
represented by the general formula (1-2) is repre-
sented by the general formula (1-1), and

an aromatic amine derivative represented by the general

formula (9) in which

at least one of the Ar*® to Ar® is represented by the
general formula (1-2) and

at least one of the Ar*° to Ar*® except the at least one
represented by the general formula (1-2) is repre-
sented by the general formula (1-1).

34. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which the Ar’ is represented by the general formula (1-2) and
the Ar® is represented by the general formula (1-1).

35. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (5) in
which the Ar® and the Ar” are each represented by the general
formula (1-2) and the Ar® and the Ar® are each represented by
the general formula (1-1).

36. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (6) in
which the Ar® is represented by the general formula (1-2) and
the Ar' and the Ar'? are each represented by the general
formula (1-1).

37. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (6) in
which the Ar'® and the Ar'? are each represented by the
general formula (1-2) and the Ar'' and the Ar'? are each
represented by the general formula (1-1).

38. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (8) in
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which the Ar'* and the Ar'® are each represented by the
general formula (1-2) and the Ar'® and the Ar'” are each
represented by the general formula (1-1).

39. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (8) in
which the Ar'®> and the Ar'® are each represented by the
general formula (1-2) and the Ar'® and the Ar'” are each
represented by the general formula (1-1).

40. The aromatic amine derivative according to claim 11,
wherein the aromatic amine derivative comprises an aromatic
amine derivative represented by the general formula (9) in
which the Ar*°, the Ar*?, and the Ar** are each represented by
the general formula (1-2) and the Ar**, the Ar*®, and the Ar*>
are each represented by the general formula (1-1).

41. The aromatic amine derivative according to claim 11,
wherein groups out of the Ar” to Ar*® except the substituent A
and the substituent B each independently comprise a phenyl
group, a naphthyl group, a biphenyl group, a terphenyl group,
or a fluorenyl group.

42. The aromatic amine derivative according to claim 1,
wherein the aromatic amine derivative is used as a material
for an organic electroluminescence device.

43. The aromatic amine derivative according to claim 1,
wherein the aromatic amine derivative is used as a hole trans-
porting material for an organic electroluminescence device.

44. An organic electroluminescence device, comprising an
organic thin film layer formed of one or more layers including
at least a light emitting layer, the organic thin film layer being
interposed between a cathode and an anode, wherein at least
one layer of the organic thin film layer contains the aromatic
amine derivative according to claim 1.

45. The organic electroluminescence device according to
claim 44, wherein:

the organic thin film layer has a hole transporting layer

and/or a hole injecting layer; and

the aromatic amine derivative is incorporated into the hole

transporting layer and/or the hole injecting layer.

46. The organic electroluminescence device according to
claim 44, wherein:

the organic thin film layer has a hole transporting zone

including at least a hole transporting layer and a hole
injecting layer; and

the aromatic amine derivative is incorporated into a layer

out of direct contact with the light emitting layer in the
hole transporting zone.

47. The organic electroluminescence device according to
claim 44, wherein the aromatic amine derivative is incorpo-
rated as a main component into the hole transporting layer
and/or the hole injecting layer.

48. The organic electroluminescence device according to
claim 44, wherein the light emitting layer contains a styry-
lamine compound and/or an arylamine compound.

49. The organic electroluminescence device according to
claim 44, wherein a layer in contact with the anode out of
layers for forming the hole injecting layer and/or the hole
transporting layer comprises a layer containing an acceptor
material.

50. The organic electroluminescence device according to
claim 44, wherein the organic electroluminescence device
emits blue light.



